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DIALOGUE I. 


The Deſcription of the CELESTIAL GLOBE, and its 
; FURNITURE. | 


| Cleonicus. ; : 
As dur laſt Converſation-finiſhed our Speculation on 
A the Atmoſphere, we are brought, by our propoſed 

ethod, to a View of the artificial Globes. And that 
Nothing may be wanting to give you a perfect Idea of 
the moſt wonderful and obvious Parts of Nature, I mean, 
the Frame and Conſtitutions of the Heavens and the 
Earth, and all their ſenſible Motions and Phenomena ; 
J have provided a Pair of GLosBts for that Purpoſe, 


twenty-eight Inches Diameter, —And here they are 
This is called the Cele/tiul Globe, and that the Terre/trial.— 
Euphroſ. I am infinitely obliged to you, Cleanicus, for 
the Care and Trouble you have on my Account. 
B | They 


VI. II. 
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They are very beautiful Things indeed ! And I queſtion 
not but they are of equal Uſe.———As we cannot con- 
ſider the Uſes of both at once, pray which do we begin 
with ? | | 

Cleon. The Cel:ftial Globe, my Eupbroſyne, for that 
remains to finiſh our practical View of the Heavens, —— 
We at firſt contemplated the Theory of the Mundane ' 
Sytem then we took an actual Survey of the ſeveral Bodies 
which compoſed it, and their Motions, by the Teleſcope ; 
—after this, we aſſayed the Doctrine of the Sphere ;—and 


then conſidered, under a more immediate View, the 


various Motions and Aﬀettions of the Heavenly Bodies, in 
themſelves, and in regard of each other, in the Orrery; 


and now it remains, that we contemplate the ſame 


Thing in regard to the Earth (or its Inhabitants) only, 
which is to be done by the Celeſtial Globe; whoſe Super- 
ficies repreſents the con/tellated Canopy of the Heavens, and 
its Rotation about its Axis, the apparent diurnal Motion: 
of the Sun, Moon, and Stars —— And hence this Globe 


as the Name Celeſtial. | | 
Euphroſ. I muſt wait till you are more particular in 


the Uſes of this fine Inſtrument ;—at preſent I obſerve 


moſt of the Circles of the Sphere upon it, and ſeveral 
Figures of Men, Women, Horſes, Dogs, Serpents, Fiſhes, - 
Crowns, &c. painted thereon, which, I ſuppoſe, are all 
Hegnificant, when underſtood, — 

Clean. True, Siſter; here are all the Circles of the 
Sphere; and it is little different from the Sphere, in any 
Thing more than having a continued Surface, and the 
Conſtellations painted thereon. 

Eupbroſ. Yes; hete is this broad Horizon, with ſeve- 
ral Circles upon it—pray; what Circles are they ? 

Cleon. There are five Circles on the Horizon, viz. 
(1) The inmoſt, or that next the Globe, is the Circle of 
Amplitudes or Azimuths, and divided each Way from Eaſi 
and Veſt, towards North and South, into go Degrees. 
(2) The Circle containing the 32 Points of the Compaſs. 
(3) The Calendar of Months and Days, according to the 
New Stile. (4) The Zodiac, with the Signs and Degrees 
of the Ecliptic, adapted thereto. (5) The Calendar for 
the Old Stile adjuſted to the Ecliptic ; the Uſes of all 
theſe you will ſee more particularly hereafter ,— 


divide the Surface of the 


ſolemnly Manilius talks on this Subject. 
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Euphraſ. Very good, Cleonicus and as to the other 
Circles on its Surface; the Eęuinoctial, the Ecliptic, the 
Tropics, and Polar Circles, I ſhall trouble you with no 
ueſtions concerning them, having had a perfect Know- 
Jedge of them from the Sphere.—But theſe other Circles, 
which run athwart and croſs the Globe, and cut each 
other, what are they? 
Cleon. They are of two Sorts, viz. Circles of Longitude, 
which paſs through the Poles of the Ecliptic, and there- 
fore at right Angles to the Ecliptic; of theſe there are 


12, which terminate the 12 Signs ; anddivide the Surface 
of the Globe into 12 equal Parts; theſe equal Parts in 


the Heavens were called the . 2 by Ptolemy 
and other ancient Aſtrologers. The other Sort are called 
Circles of Declination ; theſe all paſs through the Poles of 
the World, and cut the Equinoctial at right Angles at 
every zoth Degree; they are alſo 12 in Number, and 

Globe into other 12 equal Parts, 
which were in the Heavens accounted the 12 Celeſtial 
Houſes by that Aſtrologer, but other Aſtrologers in after 
Times invented other Diviſions of the Heavens for their 


Houſes, as their Fancies and Superſtition ſuggeſted. 


Euphroſ. How came they to call theſe Diviſions 
Houſes ? And what did they intend thereby? 
Cleon. In ancient Times, when the World was v 


ignorant, Superſtition was all the Faſhion ; and Impoſture 


a venerable Thing. Then was the Time for the Men of 
Front; they invented Schemes and Figures of the Heavens 
to amuſe and ſurprize the Vulgar, making them believe 
the Stars were the very Miniſters of Fate, having a 
governing Influence over all Things below. Hear how 


When Nature order d this vaſt Frame to riſe, 
Nature, the Guardian of theſe Myſteries, 
And ſcatter d Incid Bodies oer the Skies; © 
hen ſbe the Concave, whence directiy fall 
Streight Lines of Influence round the ſolid Bail, 
Had fil d with Stars; and made Earth, Water, Air, 
And Fire, each other mutually repair; | 
That Concord might theſe diff. ring Parts controul, 
And Leagues of _—_ Aid ſupport the Whole z _ 

2 | 
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That nothing which the Skies embrace might be 
From Heaven's ſupreme Command and Guidance free, 
Long time ſhe thought, then hung his Fates on Stars, 

. Thoſe Stars, which plac d i th Heart of Heaven diſplay 
The brighteſt Beams, and ſhare the greateſt Sway ; 
Which keeps a conſtant Courſe, and now reſtrain 
The Planets Pow'r, now yield to them again; 

Thus ſometimes ruling, ſometimes rul d, create . 
The ſtrange and various Intercourſe of Fate. Lib. III. 
And every Thing of this Kind was ſacred which they 
faid ; yea, fo credulous were the unthinking Vulgar, that 
Nothing could be advanced too monſtrous and ridiculous 
for them not to believe. Thus a modern French Aſtro- 
loger is gibed by Hudibraſs— | 
Caardan believ d great States depend 
Upon the Tip © tht Bear's Tail's End; 
That as ſbe wiſkt'd it tow'rds the Sun, 
Strow'd mighty Empires up and down. 
And as to the Impoſture and Nonſenſe of antient Scoth- 
ſayers, ſee it merrily ridiculed in his 3d Canto of Part II. 
But we make too long a Digreſſion, were it not that ſo 
impious and ſcandalous a Pretenſion cannot be too much 
ridiculed and exploded.— 2p | 
Euphroſ. I do not underſtand Aſtrology, and if its 
Pretenſions are ſuch as you inſinuate, it muſt indeed be a 
vain and preſumptuous Thing, and borders very nearly 
on Blaſphemy.—But to the Subject of the Globe; what 
are thoſe various Figures of Men, Beafts, &c. on the 
Surface, and why are they painted there? 8 
Cleon. They are all imaginary Beings, and have their 
Exiſtence no where but on the Surface of the artificial 
Globe: they were contrived for the ſake of Memory and 
Comprebenſion; and are of very great Antiquity, For the 
Stars appearing, as it were, confuſedly diſſeminated or 
ſtrewed over the vaſt concave Expanſe of Heaven, could 
not without ſome Artifice be well comprehended by the 
Mind, or remembered with reſpect to Magnitude and 
Situation. To have given Names to each Star, would 
have been too great a Burthen to the Memory; and to 
reduce them all to Catalogues, and point them out by 
their Places, was a Work of Ages, as I have ſhewed you 


before, The only Expedient therefore to facilitate the 


Knowledge 
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Knowledge of the Stars, was to conſider and diſtribute 


them into various Companies, or Collections, and the 
better to fix the Idea of theſe in the Mind, they inveſted 
them with the Figures and Characters drawn from Men, 
Beaſts, and Things, as would beſt fit and ſuit with each: 
And to theſe they properly gave the Name of Con/tellations, 
or Aſteriſms; and painted them on their Globes and 
Machines. Concerning which, thus Manilius. 
Now Conſtellations, Muſe, and Signs rehearſe, 
In order, let them ſparkle in thy Verſe; | 
Thoſe which obliquely bound the burning Zone, 
And bear the Summer and the Winter Sun, 
Thoſe firſt : Then theſe which roll a different Way 
From Weſt : Nor Heaven's diurnal Round obey; 
MM huh Nights ſerene diſcloſe, and which create 
The fleady Rules, and fix the Laws of Fate. 
Book I. 


Euphroſ. How many Conſtellations are there in all? 
Cleon. They are reckoned 56 in Number; viz. 12 in 


the Zodiac; 29 on the North of the Zodiac; and 25 on 


the South Side thereof. 
Euphroſ. What are the Names of thoſe in the Zodiac? 
Cleon. The very ſame with the Names of the Signs; as 


Aries, Taurus, Gemini, &c. which you know very well 


already. 
Eupbroſ. I do, without a Repetition; but what 


Names do thoſe bear in the northern Hemiſphere? 


Cleon. The 29 Northern Conſtellations, are 
I. Urſa Miner, or the leſſer Bear. 
2. Urſa Majar, or the greater Bear, 
3. Draco, or the Dragon, 
4. Cepheus. 
5. Cygnus, or the Swan, 
6. Perſeus, 
7. Andromeda. 
8. Auriga, or the W: aggoner. 
9. Coma Berenices, or Berenices Hair. 
10. Bootes. 
11. Corona Septentrionalis, or Northern Crown, 
12. Hercules. | 
13. Lyra, or the Harp. 
14. Aguila cum Antinoo; on Eagle with Aulus. 
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15. Delpbinus, or the Dolphin. 
16. Equuleus. . 
17. Pegaſus ; the Winged Horſe. 
18. Triangulus ; the Fe. 
19. Caſſiopeia. 
20. Serpentarius, or Obe 
21. Lacerta; the Lixard. 
22. Serpens Ophiuchi; the Serpent of Ophinclus. 
23. Lynx. 
24. Sagitta ; the Arrow. 
25. Orion cum Scuto; Orion with a Shield. 
26. Camelopardus. 
27. Anſer cum Vulpeculd ; the Gooſe with the Fix. 
28. Leo Minor; the leſſer Lion. 


29. Canes Wenatici ; ; the Courjing Dogs. 
Euphroſ. J obſerve them all in the Order you have 


named them ; and more than theſe I ſee which you have 
not mentioned—as that Star in the Heart there, &c. 
Cleon. Very good, Siſter; you mean Cor Caroli, or 
Charles's Heart, which is a new Star, unknown to the 
ancient Aſtronomers, and therefore not contained in any 
of their Conſtellations. Beſides this, there are divers 


other Stars of leſs Note, not reducible to any Conſtellation, 


"gy are therefore by Aſtronomers called e ergy 
tars. 

Eupbroſ. Well, now for the Names of the Conſtella- 
tions on the South Part of the Globe, Cleonicus; of which 
I think you ſay there are about 25.- 

Cleon. Ves; That is the Number by ſome, by others 
they are reckoned 28, Their Names are as follow, 

I. Balenus, or Cetus ; the WYhale. 


2. Canis Minor; the leſſer Dog. 
Centaurus cum Lupo; the Centaur with the WY 


. Corona Auſtralis; the Southern Crown, 
Crater; the Water-pot. : >. 
Eridanus ; the. River Po, 

. Monaceros, or Unicorn. © 

Canis Major; the Greater Deg. | 
9. Argo; the Ship. | 
10. Ara cum Thuribilo ; the Altar and ce 


cou, On 


11. Grus, or the Crane. ” I 


12. Lepus, or the Hare, 
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13. Pavo; the Peacock. | 

14. Phœnix. 

15. Sextans; the Sextant. 

16. Triangulum ; the Triangle. 
; 17. Toucan, or Sofas Gooſe. 
l 18. Apous; the Indian Bird. 

19. Columba NMoachi; Naah's Dove. : 

20. Muſca; the Fly. 4: 

21. Robor Gren. | : 

22. Hydrus, a Serpent. 

23. Piſcis volans ; the Flying Fiſh, 

24. Chameleon. 

25. Xiphias; the Sword-fH (BP). 8 

26 Crux; the Croſs. 

27. Indus; ; the Indian. 

28. Corvus; the Raven, 

Theſe Conſtellations, you ſee, are all AiſtinAly relates 
on the Celeſtial Globe, with here and there ſome extra- 
conſtellated Stars, as I obſerved to you before. 

Euphroſ. They are all ſo plain, that they who run may 
read them. Pray, Cleonicus, are not theſe Conſtellations - 
of very great Antiquity ? 

Cleon. Ves, my Euphroſyne, for ſome of them are 
mentioned in the Writings of the moſt antient Hiftorian 
in the World. 

Euphroſ. I ſuppoſe you mean Fob ; fork in that Book 1 
have read of Areturus, Orion, the Pleiades, &c. 

Cleon. Yes, that is the Hiſtory I mean. It is ſuppoſed 
by learned Men, that Fob lived in Arabia, and wrote his 

. Hiſtory before the Time of Moſes, and therefore is the 
moſt antient of any extant ; and ſince he ſpeaks of the 
Conſtellations ſo particularly, and by the Names they 
Row bear, it muſt follow, that the Method: of computing 
the Stars, and diſtributing them into Companies or Con- 
ſtellations, is of the greateſt Antiquity of any Thing in 
the liberal Seiences.— Thus Fob in the xxxviith Chap. 
makes Mention of the Pleiades, or Seven Stars, —of 
Mazzauroth, or the Zodiac of the 12 Signs, —of the Con- 
ſtellations Orien and Arcturus, and the Orarnances 4 
Heaven, which he calls the Chambers of the South, 
Chap. ix. and undoubtedly means the Southern Conftel. h 
lations, or Diviſions of the Heavens. 
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Euphroſ. I obſerve, as I look over the Conſtellations 
on the Globe, that ſome Stars are very large, and others 
very ſmall ; pray, how many different Sorts or Sizes of 
Stars do you reckon ? 

Cleon. Aſtronomers reckon Seven Degrees of Magnitude 
in the Stars, you ſee here an Example of them all, which 

Mr. SENEX has fixed on the Globe in this Row of Stars, 
gradually diminiſhing from the greateſt to the leaſt. 

Euphroſ. The largeſt, I ſuppoſe, you call the fr/? 


Magnitude, do you not? 


Cleon. Yes, my Euphroſyne, the largeſt Stars are 
thoſe of the firſt Magnitude, which you ſee conſiſt (on 
the Globe) of fix large, and fix ſmall radiant Points or 


Beams; by which, as well as by their Magnitude, they 


are very eaſily diſtinguiſhed all over the Globe; as the 
Stars in the Firmament, which they repreſent, are larger, 
more ſcintillant, and brilliant above the Reſt. 

Euphroſ. Yes, I eaſily diſtinguiſh them from the Reſt 
on the Globe; but I obſerve they are but few in Number; 
and moſt of them have Names I ſee affixed to them. 
| Clean. They are indeed but few in Number; I re- 
member Mr. Flamſtead, in his Hiſtoria Cœigſtis, makes 
but 15 in both Hemiſpheres, but on this Celeſtial 
Globe of Mr. Sener s, you tell about 16 Stars of the firſt 
Magnitude. Theſe Stars are, as you obſerve, ſignalized 
with proper Names, as Aldebaron, Regulus, Arcturus, 
Deneb, Aſengue, Rigel, Sirius, Antares, Fomahaunt, &c. 
Eupbroſ. As to the Stars of the ſecond Magnitude, I 


- Obſerve in the Sample, they have ſix large ſingle Beams, 


but ſomewhat leſs than the other. 

Cleon. Yes; and you obſerve too, they are more 
numerous, and moſt of them without Names.—— Stars 
of the third Magnitude are ſtil] more. numerous, and 
nameleſs, —of the fourth Magnitude their Number in- 
creaſes, —and of the fifth and ſixth Magnitude, they in- 
but of the 7th they are not ſo 
many, 'The Number of the Stars of every Magnitude 
in each Conſtellation, are numbered in Flam/ted's Hiſtoria 


 Czleflis ; which J have tranſcribed in this Table, to give 


you a more perfect Idea of them. 


f 


1 
In the N. Hemiſph. 15110423 93 227 356 69510113 
4 


ſhine very bright. 
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3 Magnitudes. | 
INum 112 „ 7 


I 


| 
| 
——_ — — Ces Cee Lee —yy 
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11 43 | 94 169 (445074 


In the Zodiac h 943 


— At 


In the S. Hemiſph.| 547] 4.20 56 [136 1145 | 176 10 


hat. If 


————— — — j — 


* 


Sum of all the Stars|3001[15'54 192 [457 ; 670 1316297 


Eupbroſ. The Stars of the 6th and 7th Claſs, I imagine, 
we muſt have good Eyes to diſcern. f 

Cleon. They are not diſcernable by the beſt Eyes, but 
with the Teleſcope only; and are therefore called Tel 
copic Stars, as I have before hinted. Yea, not one Eye 
in fifty can ſee Stars of the 5th Magnitude diſtinctly; and 


they muſt be tolerable good Eyes to diſtinguiſh and enu- 


merate Stars of the 4th Order. | f 

Euphroſ. Well, I think we have talked of the Mag- 
nitude of the Stars, till the Stars of every Magnitude 
— This is a glorious Star-light 
Night, but very cold. 

Cleon. It is always obſervable, that the colder the Night, 
the clearer the Stars ſhine, if there be no Clouds. I can- 
not help recollecting ſome choice Reflections on the Stars, 
a Gentleman made, as he obſerved them one Night in a 
Journey from Patapſto to Anapolis, and which may ſerye 
to conclude our preſent Speculation. : 

Now deefp*ning Shades confeſs thi Approach of Night, 
Imperfe#t Images eluge the Sight - Non 
From earthly Objects I remove mine Tye, 

And view with Look erect the vaulted Shy ; 
Where dimly ſhining now the Stars appear, 

At firſt thin-ſcatt ring thro' the miſly dir; 
"Till Night confirm'd, her jetty Throne aſcends, 

On her the Moon in clouded State attends, 

But ſoon unveil'd her lovely Face is ſeen, : 

And Stars unnumber d wait around their Quren; 

Rang'd by their Maker's Hand in juſ Array, 
They march majeſtic thro? th' ethereal Way. 
| Are theſe bright Lummaries hung on high 
Only to pleaſe with twinkling Rays our Eye f 


Or 
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Or may we rather count each Star a Sun, | 
Round which full peopled Worlds their Courſes run? 


Orb above Orb harmoniouſly they fleer 
Their various Voyages thro Seas of Air. 


* 1 the. 
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DIALOGUE UI. 


Of the Twelve ConsTELLATIONS of the Zo- 


DIAC, With their Fabulous His ToRx. 


E uphroſyne. 


Think, Cleonicus, you intimated laſt Night, that we. 


ſhould next take a more particular Survey of the 


Conftellations ; and of the Origin, Hiſtory, &c. of each 


of them, | 
Cleon, Yes, my Euphroſyne ; and To-night we'll begin 

with the Twelve Conſtellations of the Zodiac; for they 
offer themſelves firſt, as being the moſt conſiderable and 
noted of all in the Heavens. And here we ſhall imitate 
the antient poetical Aſtronomer Manilius; who, being to 
give an Account of the Conſtellations, firſt rehearſes 
them in the following Lines. — 

Firſt Aries, glorious in his golden Wool, 

Looks back, and wonders at the mighty Bull, 

FWheſe Back-parts firſt appear: He bending lies 

With threat ning Head, and calls the Twins to riſe ; 

They claſp for Fear, and mutually embrace; 

And next the Twins with an unſteady Pace 

Bright Cancer rolls : Then Leo ſhakes his Mane, 

And following Virgo calms his Rage again: 

Then Day and Night are weigh'd in Libra's Scales, 

Equal a-while, at laſt the Night prevails, 

And longer grown, the heavier Scale inclines, 

And draws bright Scorpio from the Winter Signs : 

Him Centaur follows with an aiming Eye, 

His Bow full drawn and ready to let fly : 

Next narrow Horns the twiſted Caper ſhows, 

And from Aquarius' Urn a Flood overflows. 

Near their lo- d Waves cold Piſces takes their Seat, 
With Aries join, and make the Round compleat, 
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Fables; the Grounds of all which is thus fabulated. 
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Euphroſ. Well, *tis very pretty, to ſee, as you turn the 


Globe, how the Orier, Situation, Poſture, and Attitudes 
of the Conſtellations anſwer to the poetical Deſcription. 


But to be more particular, and begin with Aries, 

how came this Conſtellation, by that Name and Form? 
Cleon, Becauſe, as tis ſuppoſed, the moſt antient Chal- 

dean Aſtronomers obſerving the Sun to enter this Sign, at 

a Time when the Fields and Hills were moſt remarkably 

repleniſhed and overſpread with Flocks, vaſtly encreaſed 

with the new Produce of Lambs, which (as the paſtoral 


Life was then moſt conſiderable) they eſteemed the. moſt 
profitable Part of the New-year's Product; to ſignalize 
this Seaſon, therefore, they thought fit to call this Sign, 


or Conſtellation, by the Name of the Principal of the 
Flock, Aries, or the Ram. At this Seaſon 1 ob- 


ferves 


— 4. N Lambs | 1 


Attend W eating Cries their milky Dams. 
And in another Place, ſpeaking of the various Products 
of the Spring, he fays, 
With milder Beams the Sun ſecurely ſhines, 
Fat are the Lambs, and luſcious are the Mines. 
| Georg. I. 
Euphraſ. But though this ſeems very natural ; yet, if 
I remember right, the Poets give a di ferent Account of 
this Matter. 
Clan. Yes, they do ſo; *tis this Ram and his Golden 
Fleece, of which the Poets tells us ſo many Stories wy 


Athamus, King of Thebes, had, by his Wiie Nephele, a 
Son named Phrixus, and a Daughter named Helle; he 
afterwards married another Wife, Ino by Name, who fell 
in Love with Phrixus; but, neglected by him, ſhe had 


an extreme Averiion to him ; and there happening a 
Dearth of Corn, ſhe perſuaded Athamas, that it could not 


be remedied *till Phrixus and Helle were ſacrificed : But 
as they ſtood at the Altar, Nephele, (i. e. a Cloud) took 
them away, and gave them a golden Ram that ſhe had 
received from Mercury. On this Ram they fled through 
the Air from Thebes, and in their F light Helle fell off into 
the Sea, which from thence was called Helleſpontrs. 


| Phrixus arrived at Brixada, where, laying himſelf down 
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to Reſt, the Barbarians were coming to kill him; but the 


Ram awaked him, and gave him Notice with a human 
Voice, and then carried him to Colchis, where he was 
kindly received by Æta the King, who ſacrificed the Ram 
to Jupiter, and hung up his Golden Fleece in the Grove 
of Mars; there it was kept by Bulls, which had brazen 
Feet and breathed Fire, and alſo by a great Dragon: The 
Ram was afterwards ſaid to be taken up into the Skies, 


and made the Conſtellation we are now ſpeaking of, 


Euphroſ. In ſome ſuch Manner too, I ſuppoſe, you 
deduce the Origin of Taurus, or the Bull, which is the 


next Conſtellation. | 
Cleon. You gueſs right; for as Calves were the next 


conſiderable Product of the Spring, which were now 


(when the Sun entered this Conſtellation) full- grown and 
fat, and led out from the Stalls to the Fields, the Altars, 
or the Butchers; ſo the priſtine Aſtronomers and Herdſ- 
men denoted this Seaſon, by attributing the Name of the 
Bull to that Sign the Sun then poſſeſſed. And Virgil, by 
reaſon of a Star in the Tip of each Horn, takes occaſion 
to call them Golden Horns, in the following Verſes. 

When with his Golden Horns in full Career, 

The Bull beats down the Barriers of the Year, 

| Georg. I. 

Euphroſ. ] ſuppoſe the Poets have a great Deal to ſay 
of this fabulous Bull likewiſe ? 

Cleon. A great Deal; and very merry too, for the moſt 
Part; the Story is of Fupzter's carrying away Europa, the 
Daughter of Agenor, King of Phenicia, in the Form of a 
Fhite Bull, into the Ifle of Crete, where he diſcovered to 
her his Divinity, and placed the Bull among the Stars, 
Ovid relates the Circumſtances of this Story very poeti- 
cally thus : e Oe. PO", 

The Ruler of the Skies, the thund'ring God, 

That ſhakes the World's Foundations with a Nod, 
Among a Herd of lowing Heifers ran, | 
Friſt' d in a Bull, and bellnw'd ver the Plain, 
Large Rolls of Fat about his Shoulders clung, 

And from his Neck the double Dewlap hung. 

His Shin was whiter than the new-fall'n Snow 
Small were his Horns, and harmleſs was his Brow + 
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No ſhining Terrors ſparkled in his Sight, . 
But his Eyes languiſb d with a gentle Light ; 
His ev'ry Look was peaceful, and expreſt 
The ng of the Lover in the Beaſt. 

Agenor's royal Daughter, as ſhe play'd 
Among the Fields, the Milk-white Bull ſurvey'd, 
And view'd his ſpotleſs Body with Delight, 

And at a Diſtance kept him in her Sight. © 

At length ſhe pluck'd the riſing Flow'rs, and fra 

The _ Beaſt, and fondly firok'd his Head. 

He flood well-pleas'd to touch the charming Fair, 

But hardly could confine his Pleaſure there. 

And now he wantons &er the neight'ring Strand, 

Now rolls bis Body on the yellow, Sand; 

And finding all the Virgin's Fear duay'd, 

Comes toſſing forward to the royal Maid ; 

Cives her his Breaft to ſtroke, and downward turns 

His grifly Brow, and gently ſtoops his Horns, 

In flow'ry Wreaths the Royal Virgin dreft 

His bending Horns, and kindly clapp'd his Breaft. 

Till now grown wanton, and devaid of Fear, 

Not knowing that ſhe preſs'd the Thunderer, 

She fi d herſelf upon his Back, and rode 

O'er Fields and Meadows, ſeated on the God. 

He gently march'd along, and, by Degrees, 

Left the dry Meadow, and approach? d the Seas, 

Where now he dips his Hoofs, and wets his Thighs z 

Now plunges in, and carries off the Prize. 

The frighted Nymph looks backward on the Shore, 

And hears the tumbling Billiws round her roar : 

But fill ſhe holds him fa aft, with one Hand born 

Upon his Back, while Pother graſps a Horn. 

The Train of ruffling Garments flies behind, 

Sells in the Air, and hovers in the Wind. 

Thro Storms and Tempeſis he the Virgin bare 

And lands her ſafe on the Dictean Shore ; 

A bere now in his divineſi Form array, 

In his true Shape he captivates the Maid; 

Who gazes on him, and with wond'ring Eyes, 

Behotds the new, majeſtic Figure riſe; 

Views his bright Features, and his native Light, 

And all thy God diſcover 4 to her Sight. 
Metam. II. 
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Euphroſ. This Bull makes a very conſiderable Figure 
But, pray, 
Cleonicus, what Origin do you give to the Twins, or 
Gemini? | 

. Cleon. Theſe owe their Original to the ſtme Cauſe, 
in all Probability, with the two foregoing ; for at this 
Time, (viz. about May, when the Sun enters this Sign) 
the Young of Goats were in their Maturity and Perfec- 
tion; and were oftener than any other Beaſts, brought 
forth by Pairs, or Twins; which the Goat-herds (in 
antient Times, being very conſiderable) denoted, by 
giving the Denomination of Gemini to the Sign. — 

Euphroſ. Very good; but what do the Poets ſay 


of this Sign Gemini? 


Cleon. They tell us a Story of Caſtor and Pallux, 
two Sons of Leda; the Latter by Jupiter, and was there- 
fore immortal; the Former by her Huſband Tyndarus, 
and therefore mortal.—When Jaſon undertook the Ex- 
pedition for the Golden Fleece, among other Heroes were 
Caftor and Pollux; wo behaved themſelves very valiantly 
during the whole Voyage. In a Storm which happened, 
two ſtrange Fires appeared playing about the Heads of 
Caftor and Pollux, and ſoon after a Calm enſued, which 
made it thought there was ſomewhat divine in thoſe 
Youths. It happened afterwards, that Ca/tor, being 
mortal, was killed, and Pollux begged of Jupiter to make 
him immortal, which not being poſſible, he only ob- 
tained, that his Brother ſhould ſhare half his own Im- 
mortality, ſo that each Day they alternately lived, the 
One in Heaven the Other in Hell. They were at laft 
placed among the Stars, and made the Conſtellation 
Gemini, which you ſee on the Globe, denoted by the 
two Youths, with each a bright Star in his Head, and 
their Names Caſtor and Pollux to diſtinguiſh them. 

Euphroſ. That the firſt Aſtronomers ſhould give the 

Names of the Ram, the Bull, and the ' Twins, to theſe 
Conſtellations, you have given a ſufficient Reaſon ; but 
what ſhould induce them to call the next Conſtellation 
in the Zodiac, by the Name of Cancer, or the Crab ? 

Cleen. You'll obſerve a good Deal of Propriety, even 
in this, if you conſider, that the firſt Obſervers took 

Notice of the Sun's gradual Aſcent above the Equi- 

noctial 
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noctial to a certain Height or Meridian Altitude, from 
which it afterwards declined again, and deſcended as 
| oradually ; and then, by what Means could they more 
pertinently commemorate ſo notable an Obſeryation, 
than by the Retrograde, or ſide-long Motion of a Crab? 
And the Poets afterward, to make good their Part, tell 
us, that this is the Crab which Juno ſent to bite and 
moleſt Hercules, while he was deſtroying the Lernæan 
Hydra, for which, when Hercules had killed. the vexa- 
tious Animal, Juuo placed him among the Stars. 

Euphroſ. But how came the Lion, a Creature in all 
Reſpects ſo different from a Crab, to ſucceed immediately 
the Crab? = 

Cleon. As among Animals the Lion is the moſt power- 
fal, fierce, and ſtrong ; ſo among the Months of the 
Year, that Seaſon in which the Sun occupied this Sign, 
the Sun's Heat and Effects were more fierce and violent 
than in any other, i. e. about the latter End of Fuly, 
and the Beginning of Augu/? ; and from this Similarity, 
the Conſtellation is ſuppoſed to have had its Name by 
the firſt Obſervers of Time. 4 29 

Euphroſ. This ſeems probable enough; and I queſtion 
not but it furniſhed the Poets with an ample Theme for 
Invention. — . _ * | 

Cleon. It did ſo; for they tell us, that this is that 
Nemæan Lion, which Juno procured from the Moon, 
and ſent againſt Hercules to kill him; but Hercules tore 
him to Pieces with his Nails, and made him a Shield and 
Breaſt- plate with his Skin. This made Juno hate him 
ſtill more, and on the Lien beſtowed that celeſtial Dig- 
nity he has ever ſince enjoyed. 1 

Euphroſ. Well, Cleonicus, I perceive the Aſtronomers 
have paid a very carly Regard to the Ladies, by the 
Compliment of placing Virgo, or a Virgin among the 
Stars; pray, what was the Occaſion thereof? And 
whence thoſe Wings, and that Wheatſheaf in her 
Hand ? „ | | 

Cleon. About the Time the Sun entered this Sign, the 
Harveſt was pretty well over; and now the young Dam 
ſels appeared and ſpread themſelyes over the Fields, glean- 
ing up the Ears of Corn. And as they made this the 
moſt agreeable Scene of rural Life, the Aſtronomers 

| | * 
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did them the Compliment of a Conſtellation of their own 
Sex, and gave them a Handful -of Wheat to ſhew the. 
Occaſion. They alſo depicted her with Wings, to ſhew, 
the Harveſt had, as it were, taken its Flight, and bid - 
them farewel ill the next Year. | 

. And pray, what have the Poets to ſay on 


this Occaſion? N 
i | Cleon. Enough, you may be ſure; they tell us, ſhe. 
Tz if : s * 
W's, was the Daughter of Jupiter and Themis, and the Prin- 
il as of Fuftice by Name Ajfrea ; they feign, that in the 
j i olden Age the deſcended from Heaven to the Earth, and 


being offended at laſt by the Wickedneſs of Mankind, 

[ | ſhe returned to Heaven again, after all the other Gods 

| who went before her, where ſhe obtained the Dignity of 

| a Conſtellation, as deſcribed in the following Diſtich: 
All Duty dies, and wearied Juſtice flies 


48 | TDierom bloody Earth at laſt, and mounts the Skies, 
I And Virgil thus: hops 
N Juſt ce laſt took her Flight from hence, and here 
13! The Prints of her departing Steps appear. 
18! — | Dryd. Georg. II. 
"TY 1 Euphroſ. As to Libra, you have already hinted the 
4 * Reaſon of the Name, from the Equality of Days and 
4 ( Nights; but I want to know what is ſaid of this in fabu- | | 
in; lous Hiſtory. Th | 
1 ' . _ Cleon. When Juſtice fled from Earth to Heaven, tis 
1 natural to think, ſhe carried her Scales with her, which N 
3 | | might be made this Conſtellation ; and I wonder to find ; 
| 0 54 the Poets and Mythologifts ſilent in this Particular. How- 
1 | ever it is ſuppoſed, that the exceeding Uſefulneſs of the 
18! Balance, when firſt invented, excited Men to comme- 
14 morate the ſame, by placing them among the Stars. 
1 And indeed what Invention could deſerve it more, than 
9 that which is the 7% and Standard of Fuftice among 
| Mankind? Theſe are the celeſtial Scales, in which 
1 is feigned by Homer, to weigh out the Fate of 5 
ortals, and in particular, that of Hector, in the fol- ( 
WOT. ; 


lowing Lines. 3 
| a lifts the golden Balances, that ſhow 
| The Fates of mortal Men, and Things belaw ; - 
g Here each contending Hero's Lot he tries, 
And weighs, with equal Hand, their Deſtinies. 3 
% | i 7 
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Low finks the Scale, ſurcharg'd with Hector's Fate; 
. Heavy with Death it ſinks, and Hell receives the Weight, 
1 And of this Balance too, Virgil ſpeaks in the following 
ines. | woke" we „ 
But when Aſtrea's Balance, hung on high, _ 
Betwixt the Nights and Days divides the Sky 
Then yoke your Oxen, ſow your Winter Gram, | 
Till cold December comes with driving Rain. Geor.T. 
Euphroſ. There are doubtleſs many Things of leſs 
Merit, advanced to the Stars; elſe, pray, how came 2 
Scorpion there? Who would have thought to have found 
ſuch a terrible, ſuch a noxious Animal in the Heavens ? 
Cleon. When you conſider, that during the Seaſon the 
Sun is in this Sign, the Weather is generally very bad 
and all Kinds of Diſeaſes now begin to invade and infeſt 
Mankind; as Colds, Agues, Aſihmas, Fevers, &c, as alſo 
that this is the Introduction to the cold and comfortleſs, 
the dreary and deadly Seaſon of Winter; I ſay, when 
this is conſidered, you cannot think it ſtrange, that the 
firſt Obſervers gave this Sign the Name of Scorpio, being 
ſo apt an Emblem of the Seaſon. —The Poets tell us, this 
was the Scorpion which ſlew Orion for his Arrogance and 
impudent Defign on Diana. me wh 
Euphroſ. I think I remember a Paſſage in Ovid, where 
it is ſaid, that Scorpio fills the Space of two whole Signs; 
how is that to be underſtood, Cleonicus ? | 
Cleon. Some of the Antients ſeemed not acquainted _ 
with the Conſtellation Libra, and therefore they aſſigned 
all the Space from Virgo to Sagittarius to the Poſſeſſion of 
Scorpio; and therefore Ovid ſays — 
There is a Space above, where Scorpio bent 
In Tail and Arms, ſurrounds a vaſt Extent ; 
In a wide Circuit of the Heavens he ſhines, 
And fills the Space of two celeſtial Signs.” © 1 
| I Metam. II. 
This is alſo evident from Virgil's Compliment to Cæſar 
Auguſtus ; for when he propoſes to him the Divinity of a 
Conſtellation, he affigns him the vacant Place between 
Virgo and Scorpio, in theſe Lines. | Ts. 
Or wilt thou bleſs our Summers with thy Rays, 
Ana, ſeated- next the Virgin, poiſe our Days; 
Vox. II. 1 . Where, 
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Hhere, in the Void of Heav'n, a Space is free + 
Betwixt the Scorpion and the Maid for thee ; 
The Scorpion ready to recerve thy Laws 
Yields half his Region, and contratts his Claus. 
| N | I. 

Euphroſ. Well, I fee Aſtronomy is uſeful, too, for 
underſtanding the Poets. But what does Sagittarius's 
Bow denote? Is it not the hunting Seaſon? 

Cleon. You gueſs very right, my Euphroſyne ; his Bow 
and Arrow point out the Sportſman, whoſe Seaſon now 
COMmMEnces.—— Ls 6 

Eupbroſ. But how comes he to be repreſented with the 
hinder Part an Horſe? | 

Cleon. This is altogether owing to Fable; they tell us 
of a Centaur, whoſe Name was Chiron, the Son of Saturn 
and Phillyra, a learned Phyſician, and Preceptor to the 
famous Achilles; Hercules's Dart, dipped in the venomous 
Blood of the Lernæan Hydra, falling on his Foot, gave 
him an incurable Wound; he deſired to die, but could 
not, being born of immortal Parents ; who therefore took 
him up to Heaven, and made him a Conſtellation. 

Euphroſ. What monſtrous Things the Poets relate 
And pray, what ſay they of the next Monſter, Capricorn, 
half Goat and half Fiſh? | 
Cleon. This Conſtellation had its Origin from the wild 
Goat, whoſe Nature being to ſeek its Food from the Bot- 
tom to the Top of Mountains, climbing 'from Rock to 
Rock, aptly emblemized the Aſcent of the Sun, from 
the loweſt Point in the Beginning of this Sign to its 
higheſt Pitch, or Summit in the Summer Solſtice.— 
But the Poets feign, that a Goat ſuckled Fupiter, and 
that after it was dead, he made a Shield of its Skin, 
called Egis, with which he ſingly combated the Giants. 
; At 
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* Theſe Paſſages in Ovid and Virgil ſeem very ſtrange, when 
we find them in other Places making Mention of Libra as a 
Sign of the Zodiac. And it is certain, that the Antients had 
this Sign of the Balance actually depicted on their Globes as 
long ago as it was at the autumnal Equinox, (which is more 
than 2000 Years ſince) for there it appears on an old celeftial 
| Globe, found among the Ruins of antient Italy, and kept in 
the Farne/ian Palace at Rome, of which I have a Copy by me. 
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At length, he reſtored the Goat to Life again, gave her 
a new Skin, and placed her among the Conſtellations of 
Heaven. Others ſay, that Pan, a Man upwards; and a 
Goat below, was at laſt changed into this Conſtellation, 
as being the God of the Woods. and Shepherds; and 
Guardian of their Flocks. But as to the Fiſh-part of 
Capricorn, I take it to be a Fancy of modern Date. | 
Euphreſ. Aquarius, I ſee pouring his Water from Hea- 
ven; [I'll venture to gueſs once more, that this Figure is 
an Emblem of a rainy Seaſon. . 
Cleon. And you are very right; for Virgil uſes the 
Term Aquarius (by a Metaphor) for Winter, as it is 
alſo tranſlated by Mr, Dryden.— | 
This during Winter's driſly Reign be done, 
*Till Aries receives th* exalted Fun. Georg. III. 
But the Poets tell us, this Aguarius, when on Earth, 
was that beautiful Youth Ganymede, Son of Tros, whom 


an Eagle (ſent by Jupiter ) ſnatched off from Mount Ida, 


as he was hunting, and carried him into Heaven; where 
Jupiter made him his Cup-bearer, and whom he attends 
at all his Banquets. with flowing Cups of NeQtar,—QOr 
thus, according to Ovid : ON Ea 
Diiſguis d in Eagle's Plumes he downward flies, 
And bears the Phrygian with him to the Skies ; 
| There he for Jove (in Spigbt of Juno's Frowns) 
The flowing, Bowls with purple Nectar crowns. 
| | ; Metam. X. 
Eupbroſ. The Evening grows late, Cleonicus ; we have 


but juſt Time to enquire about the laſt of the twelve 


Conſtellations, which you call Piſces, or the Fiſbes; pray; 
tell me in brief their Original. | 

Cleon. The Fiſh, being at the Time, when the Sun 
enters this Sign, moſt in Seaſon, gave Occaſion for the 


. Denomination thereof; though the Poets tell us other 


Things : They give two Reaſons for the Divinity of the 


 #ihhes :—=— The firſt is, becauſe in the War with the 


Giants, Venus being diſturbed, converted herſelf into a 
Fiſh ;—the Second, becauſe a Dove ſat once upon the 
Egg of a Fiſh, in the River Euphrates, and at length 
hatched a Goddeſs of great Goodneſs, and merciful to 
Mankind. On both theſe Accounts the Fiſhes were 
held ſacred, and placed among the Stars, — And let this 
| a ſuffice, 
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ſuffice, amy Euphroſyne, for the Original and fabulous 
Hiſtory + Conſtellations of the Zodiac; the next 
Prat we will ſpend in purſuing the ſame Enquiries. 


relating to the Conſtellations in the northern Hemiſphere. 


» 
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DIALOGUE III. 
Of the ConsTELLaTiONSs of the Northern HII 
SPHERE, With their Oxkloix, and Nathalie 


oo 


„ 


Eupbroſyne. 

HE Pleafure of our laſt Converſation has made 

the 'Fime ſeem long ere the next returned. 
I muſt ſtill expect to be indulged the Liberty (though 
tireſome) of continuing the Enquiries I have begun, in 
relation: to the reſt of the Conſtellations. which I ſee 
ſpread over the Surface of the Globe. But, Pups which | 
of them-will it-be-proper to begin withal ? 

Cleon. Thoſe of the Northern Hemiſphere, or on the 
North Side of the Ecliptic; and then proceed to thoſe 
on the Southern Side. Theſe will give us Qccaſion to 
rehearſe moſt of the pleaſant Stories of the Poets and 
Fabuliſts, in relation to their fictitious Original, and this 
is all we muſt here expect. 

Euphreſ. And which of theſe do you hold it proper to 
begin with ? | 

Cleon. With the two Bears, viz. Urſa Major and 
Urſa Miner, as being the moſt northerly, The 3 
of theſe was called Arctos and Felice by the Greeks ; and 
the Leſſer, Cynoſura, becauſe its Tail was like that of a 
Dog. The Greater of theſe Bears, was once the fair 
Caliſio, Daughter of Lycaon, who being deflowered by 
Jupiter, was, by the Rage of Juuo, turned into a BEAR; 
and her Son Arcas into the Leſſer Bear; but the Diſgrace 
was taken away, by Jupiter's advancing them to Heaven, 
and making them two ſuch remarkable Conſtellations. 
Thheſe Bears conftantly circulate about the North Pole, 
and never go below our Horizon; on which Account, 
Firgil, n of Draco, and the Baars, ſays; 

Around 


F 
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Around the Pole the ſpiry Dragon glides, 
And like a winding Stream the Bears divides; 
The Leſs and Greater,, who by Fate's Decree, 
Forbidden are to touch the Northern Sea. 
7 | N Georg. I. 
For Juno being enraged at their being taken up into 
Heaven, deſired Tethys, (the Goddeſs of the Ocean) that 
ſhe would never ſuffer Caliſto to bathe in her Waters. 
When Juno ſaw the Rival in her Height, 
- Spangled with Stars, and circled round with Light, 
She ſought old Ocean in his deep Abodes, 
And Tethys, both rever d among the Gods. 
They aſk what brought her there! Ne er aſt, ſays fhts 
¶ hat brings me here, Head'n is no Place for me. 
You'll fee, when Neght bas cover d all Things o er, 
Jove's flarry Baftard, and triumphant Where 
Uſurp the Heau' ns; You'll ſee em proudly roll 
In their new Orbs, and brighten all the Pole. 
And who Hall now on Juno's Altars wait, 
hen thoſe ſhe hates grow greater by her Hate? 
Jon the Nymph a Brutal Form impreſs'd, 
Jove 10 4 Goadeſs has transform'd the Beam; 
This, This was all my weak Revenge could do e 
But let the God his chaſte Amours purſue, 
And, as he ated after lo's Rape, 
Reſtore th* Adultreſs to her former Shape ; 
Then may he caſt his Juno off, and lead 
The great Lycaon's Offspring to his Bed. 
But you, ye venerable Pow'rs, be kind, © 
And, if my Wrongs a due Reſentment find, 
Receive not in your Waves their ſetting Beams, © 
Nor let the glaring Strumpet taint your Streams.” 
The Goddeſs ended, and the Wiſh was = 


etam. II. 


Eupbroſ. But what is that terrible Serpent, or Dragon, 


you mention, which I alſo ſee between the Bears? And 

how came he there? | | 
Cleon, This was the Watch-Dragon, which Juno 
appointed to keep the Garden of the Heſperides, three 
Daughters of Heſperus, Brother to Atlas. In theſe Gar- 
dens were Trees that bore golden Fruit, which Hercules 
2 attempting 


| is finely told by Ovid, which is in Part thus 
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attempting to ſteal, firſt ſlew the Dragon, which was 
afterwards made this Conſtellation, 

Euphroſ. On the other Side the Leſſer Bear, I ſee ſome 
great Perſonages ſure, Cepheus and Caſſiope, Perſeus and 
Andromeda, are not 8 very memorable Names in 
Hiftory ? * 5 

Cleon. Ves, more eſpecially ſo in fabulous Hiſtory. 
Cepheus and his Wife Caſſiope, were King and Queen of 
Ethiopia, and Andromeda was their Daughter; the was 
bound to a Rock to be devoured by a Sea-monſter, by the 
Nymphs, becauſe her Mother Cafſiope proudly preferred 
her Beauty to - theirs. — You fee the Fetters on each 


 Hand.—The unhappy Caſe of this fair Nymph reached 


the Ears of Perſeus, Son of Jupiter and Danaè, who, 
with his Falchion, and. Wings to his Feet, (which'you 


' ſee) took his F light through the Air to Ethiopia, where 


he flew the Monſter, releaſed Andromeda, and then mar- 
Tied her. They were all afterwards placed among the 
Conſtellations, where they make ſome of the brighteſt in 
the Northern Hemiſphere.— This remarkable Story 


Now Folus, the Ev'ning boiſt'rous Wind 
Had in eternal Caves with Bars confin'd, 
And Lucifer, bright Harbinger of Day; 
Perſeus, and all ta Bus neſs call d away: 
When to his Feet again he lac d his Wings, 
Girt on his Falchion 5 and boldly flings 
Tyre the wil airy Regions of the Shes, 
And o er a Thouſq':d nameleſs Nations flies; | 
And, with a flight Survey, thoſe Countries paſt, 
He made th Ethiopian Land at laſt. TE: 
There lay Andromeda, expos'd along, 
 Condemn'd to ſuffer for her Mother's Tongue, 
Whom, when the ſharp-ey d, tow'ring Hero d, 
With Arms to rugged Rocks ſeverely ty d, 
But that her flowing Tears her Life betray'd, 
And that her Locks with fanning Breezes play d, 
She leo d a finiſh'd Marble-piece; but now © 
Soft Flames in his unknowing wh glow. : 
Raviſb d, ama d, he views the lovely Maid, : 
And half forgets his flying, airy Trade. | 


7 


Bright charming Creature, fitter far to be 
In ſome kind Lover's ſofter Arms enchain d, 
Than with the Weight of bart rous Fetters pain d; 
Tell me, ſiueet Maid, thy Country's Name and thine, 


And why thee thus ta Rocks theſe pond rous Chains confine ® 


Silent a-while the bIuſhing Virgin flay'd ; 


Of manly Converſe, rarely us d, afraid; 


Only her Tears, which ſtill ſhe might command, 
In her fair Eyes like riſing Fountains ſtand. 

Her ſnowy Hands her modeſt Looks had hid, 
But that rough Chains her 2 Hands forbid ; 
Oft aſt' d, (leſt Silence ſhould her Guilt accuſe) 
At laſt ſhe bath her Name and Country fhews. 


. Scarce Half her Tale was told; when ſounding Waves 


Her Fate foreſhew, the hideous Monſter laves 

His Sides with Seas, which to his Paſſage yield, 
And whelms his Bulk &er half the wat'ry Field. 
The Maid fhrieks out; her mournful Father cries, 


Her Mother too with equal Plaints replies, 


Both wretched now ; but much more juſtly ſhe, 
Whoſe vainer Pride deſerv'd her Miſery. © 
No help, alas ! but 2 Tears they bring, 
And, crying, round their fetter d᷑ Daughter cling ; 
When Perſeus thus; Weep thus no more in vain, 
Few Minutes only now for Help remain. 
Should I, fair Dana&'s Son by thund ring Jove, 


| Perſeus, the Offspring of his golden Love; 


Perſeus, Meduſa's Conqueror, fhould J, 
Who thro the Air with certain Pinions fly; 


Should I your Daughter for a Wife demand, 


I ſure might in your Choice the faireſt Hand. 


But I to thoſe will greater Merits join, 


If Heav'n but ſecond now my bold Deſign ; 
And beg her as my Love's victorious Deed, 
I now from Death by my Aſſiſtance freed. 
2 Offer gladly both — — Hp 
For who'd rope it in that deſp rate Caſe ? 
And, for a Dow'ry too, that Crawn engage, 
Too weighty grown for their declining Age. 
Now, as ſome Galley, for©d with Oars and Tides 
Plows up the Ocean with . foaming Sides; 
4 
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Then, near her, takes the Rock, and, O!. ſaid he, 
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So the prodigious Monſter's horrid Force, 

Breaks up the Waves with an impetuous Courſe, 
And now no farther off than one might fling. 

A Bullet with a Balearian Sling, | 

The gallant Youth, with ſudden Motion, ſprings 
From Earth, and cuts the Air with active Wings ; 


And as the bod ring Hero's martial Shade, 


With Tremblings on the wat'ry Surface play d, 
The Beaft enrag'd at the thin Phantom grew, 
And at the Shade with utmoſt Fury flew. 

But as Jove's Bird, when from a Cloud he ſpies, 
Where on ſome Plain a Dragon baſking lies, 
Stoops, at his Back, and to prevent his Faws, 


' Thro's ſcaly Neck his crooked Pounces draus; 


So he the Air with nimble Wings divides, 
And plies the Monſter s Back and rolling Sides; 
And with a lucky Thruſt his Shoulder rives, 


And up to th* Hilt, his greedy Falchion drives. 


Struck with ſo deep a Wound, the Monſter raves, 
And fiercely bounds above the *frighted Waves ; 
Then dives again, and with a dreadful Sweep, 
With thick black Gore diſtains the boiling Deep. 
And as a Boar, which eager Hounds engage, 

Ss ev'ry Way he vents his baffled Rage: 
While from his Fangs the wary Perſeus flies, 
And ev'ry Way the furious Monſter plies. 

Now on his Back and Ribs like Anvils beats 
Now on his Fiſh-like Stern his Strokes repeats. © 
The Beaſt then ſpouts ſuch Floods of wat'ry Gore, 
Perſeus dur/t truſi his dabbled Wings no more; 
But ſpies a Rock, which bare in Calms might lie, 
But under Water when the Sea ran high. | 


| There ftraight the fearleſs Hero takes his Stand, 


And graſps the Summit with his fwordleſs Hand; 
And then, to crown his Congugſt, ſtrongly foins, 


And thruſts his Sword oft thro the dying Monſters Loins, 


Now, for the Conqueſt, mighty Shouts and Cries 
Ring round the Shores, and echo to the Shies. 
With Joy Caſſiope and Cepheus raid, 


Fim as their Son receiv d, his Actions prais'd ; 
Call d him their. Family's Support and Stay, 


On whoſe brave Arms their Hope and Safety lay. 


„ SO s - : ' 
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The lovely Maid moves on, now freed from Chains, 

The Cauſe, and fair Reward of all his Pains, 
RO | | Metam. Book IV. 
Euphroſ. That is indeed a very beautiful Deſcription. — 
But what, or whoſe is that frightful, ill-favoured Face 
or Head, which Perſeus holds in his left Hand? And 

what are thoſe Snakes that proceed like Hair from it ? 
Clean, That Conſtellation is called Caput Meduſæ, or, 


the Head of Meduſa: This Meduſa was once the fair 


Daughter of Phorcus and Cete, who had golden Hair; 
her Charms tempted Neptune to violate her Chaſtity in the 
Temple of Minerva, which that Virgin Goddeſs ſo 
reſented, that ſhe changed the Hair of Meduſa into Snakes, 
and ſuch, that whoſoever looked on them were turned 
into Stones ; therefore the Gods, Fut of Pity, ſent Perſeus 
to cut off her Head; which he did, and gave it to be 

laced in the Shield of Pallas and Adinerva, This Story 


is alſo finely told by the ſame. Poet 


| Meduſa once. bas for her Beauty fam'd, 
At whom a Thou and jealous Suitors aim d; 
But more than all, her lovely Treſſes charm d, 
M hoſe golden Beams her coldeſt Lovers warm'd. 
ue met with ſome who waited at her Court, 
And only Wonders of er Locks report) 
Her Neptune ſeiz d, with luſiful Paſſions wild, 
And in the chaſte Minerva's Fane defil d. 
The Virgin Goddeſs turn'd aſide, and held 
Before her modeſt Eyes the ſacred Shield ; 
But that the Crime might be in one reueng d, 
To horrid Snakes, Meduſa's Curls ſhe chang'd, 
And that ſbe might in future rolling Years 
Of er-awe the vicious World with pow'rful Fears, 
The Snakes ſhe made ſtill in her Shield ſpe bears. 
Pig Metam. Lib, IV. 
This Meduſa was. one of thoſe three horrid Monſters 
of Hell, called Gorgons; who ſlew People with their very 
Looks; the Names of the other Two were Stheno and 
Euryale, all Daughters of Phorcus. From the Blood 
which guſhed out on ftriking off Meduſa's Head ſprang 
Pegaſus, or the winged Horſe, which you ſee depicted 
(the Fore-part) above the EquinoCtial, a little below 
Andromeda. | | 


o N 
— DIES — — 
0 we * 


— — 8 9 8 2 — I EW _ 5 your a 
? 


26% THE YOUNG GENTLEMAN 


Eupbraſ. I ſee him—and pray, what Stories do the 
Fabuliſts tell of this ſingular Horſe ? and how came He in 


Heaven? 


Cleen. This Horſe belonged to the Mises, who let 


him ſometimes to the Heroes and Demi- gods, for greater 


Expedition; this Horſe Perſeus rode; and at laſt, Belle- 


' rophon mounting him, was carried through the Heights of 


Air, where being ſeized with Fear and a Vertigo, he fell 
to the Earth, and the Horſe was made a Conſtellation in 
the Heavens. To this Milton alludes in his Invocation 
of Uriana, in the Beginning of the 7th Book of Paradiſe 
Loft, | 1115 t 0 
8 — — — Ty led by thee 
Into the Heav'n of Heav'ns I have preſum d, 
An earthly Gueſt, and drawn empyreal Air, 
Thy Temp'ring ; with like Safety guided down 
urn me to my native Element; 
Left from this flying Steed unrein d, (as once 
Bellerophon, though from a tower Clime) 
Diſmounted, an th Aleian Field I fall 
Erroneous there to wander and forlorn. 
Euphroſ. The next that makes a conſiderable Figure 
on the Globe, is Auriga; pray, who was he, and how 
came the Kids in his Hand behind them? | 
Cleon. Who he was, or how he came by theſe Kids is 
hard to ſay; Mythologiſts are quite filent about him: 
Unleſs they intend Phazton, who by Ovid is called the 
Charioteer of Phebus, or the Sun; or elſe he was ſome 
diſtinguiſhed Perſon among the Chariot-drivers in Races, 
ſo much celebrated among the ancient Greeks and Romans ; 
and ſuch Manilius ſeems to repreſent him in the following 


Lines : | 
But when the Ram firft ſhews thrice five Degrees, 

The Driver rears his Chariot from the Seas; | 
And climbs that Steep, whence blu/i ring Boreas brings 
His North-eaſt Blaſt, and ſhakes their freezing Wings. 

| He keeps his own Concern, and thence beflows 
Thoſe various Arts which here ow Earth he choſe. 
To drive the Chariot, to direct the Courſe, 
And hang with forward Laſhes on the Horſe ; 
Now preſs directly, now wheel nimbly round, 
Out-ftrip the Wind, nor raiſe the duſiy Ground; 
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Or croſs athwart, and force the Reſt to yield, 
Difperſe the Croud, and clear the gaping Field ; 


And though out-/tript, yet ſcorn to flop to Pears, | 
But, drive on Hope, and leave behind Deſpair. 


Or, 'midft the Race from Horje to Horſe to leap, 
Sport ver their Backs, and fix the dangerous Step: 
Or, ſingly mounted, break the foaming Jaws, 
Throw well the Dart, and - a juſt Applauſe. 


Aſtr. Book V. 


Eupbroſ Be Auriga whom he will, the Poet makes a 
retty Uſe of the Story. — But pray, Cleonicus, who is 
that old Fellow Bzztes, with a frizly Beard, ſtanding 
with one Foot on Mount Menalaus, holding a Club ia 
one Hand, and two Courſers in a String with the other ? 
Cleon. His Name implies an Zerd/man ; but he is more 


properly called Arctophylax, or the Bear-keeper for b 


conſtantly follows the Greater Bear in its daily Rotation 
about the North Pole. Alſo becauſe the Bear is ſome- 
times called the Maggon, Bovtes is moſtly called the "_—_ 


goner, by the Poets; thus Ovid. 


Now Silence ver the flumb ring World did reign, 
And ſlow Bootes had declin d his Main. 


Myrrha mn her Guilt. 
Metam. Book X. 


And in the Story of Pha#ton, he thus deſcribes the Con- 
ſternation of the Serpent and Boites.— 
' The folded Serpent next the frozen Pole, 
Stiff and benumm d before, began to roll, 
And rag'd with inward Heat, and threater'd War, 
And ſhot a redder Light from ev'ry Star. 
| Nay, and tis ſaid, Bodotes too, that Thou 
Would ff fain have fied, tho cumber'd with thy Phugh.. 
Book II. 
Euphroſ. The Swan, I ſee, makes the next conſiderable 
Figure; he is in a Poſture of Flight, in the Milly Way; 
for what Reaſon could a Swan come there, Cleonicus ? 
Cleon. Ah, my Euphroſyne, while we are on the fabu- 
lous Part of Aſtronomy, Fiction is all the Reaſon you 
muſt expect in Things. And ſo ridiculous are the Fables 
for the moſt Part, that Jove is pretended to have aſſumed 


the Shape of a Swan, in order to deceive Leda the Wife 


of 
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of Tyndarus; which adulterous Story is thus commemo- 
rated by: Manilivs, who ſpeaks of this Conſtellation. 
Next view the Swan, which Jove advanc'd above, 
That Form's reward by which he caught his Love. 
When ſhrouded in the fair, deceitful Shape, | 
He cheated truſting Leda to a Rape 
New grac'd with Stars, his Wings ſtretch't oer the Skies, 
e N e Book I. 
- Euphroſ. But I ſee a much nobler Bird yet, below the 
Swan, I mean the Eagle; no Doubt but there was ſome 
notable Occafion for his being made a Conſtellation. — 
Cleon. The Eagle being King of Birds, as Jupiter 
was of the Gods, it was always eſteemed ſacred to that 
ſupreme Deity, and was uſually called the Bird of Jove. 
The Poets feign, that Jupiter was brought up in a Cave 
in Crete, by Doves, who fed him with Ambroſia, and an 
Eagle, who ſupplied him with Nectar, which he drew 
from a Rock and' carried in his Bill; for this he was 
honoured with celeſtial Dignity.— Others ſay, that in the 
Wars of the Giants, the Eagle brought Thunder to 
upiter, with which he quelled them; and is therefore 
called Fove's Armour- beurer by Virgil. Of the Eagle as a 
Conſtellation,  Manilius thus ſpeaks. OP. 
The toto ring Eagle next doth boldly ſoar, 
As if the Thunder in his Claws he bore ; 
He's worthy Jove, ſince he, a Bird, ſupplies 
The Heav'n with ſacred Bolts, and arms the Skies. 
| N | Book I, 
Enphrof. Who is that old Fellow Serpentarius, graſping 
an hideous Serpent in his Hands ? 
Cleon. Some think he repreſents 3 the God 
ipped at Epidaurus, 
his Birth-place, firſt, and afterwards at Rome, in the 
Form of an huge Serpent.— Others think it is Hercules, 
who while an Infant, deſtroyed with the Graſp of his 
Hands two Serpents, ſent by Jupiter to kill him in the 
Cradle: Hence Ovid— | | 
You kill d its Serpents with your Infant Hand, 
Which then deſerv'd Jove's Scepter to — 
TT: Epiſt. 
8 
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Of this Conſtellation, thus Manilius. | 
Next Ophinclius fr1./es ihe mighty Snake, _ 
Untwiſts his winding Folds, and Jmooths his Back, 
Extends its Bulk, and &er the ſlipp'ry Scale, | 
Hit wide-/tretch/d Hands on either Side prevail; 
The.Snake now turns his Back, and ſeems to rage; 
That War mf laſt where agua] Pow' rs engage. K 
Book I. 


Euphroſ. What is Hercules about, in that kneeling 
Poſture? What means the Club in his Right-hand, the 
three-headed Monſter in his Left, -and the Lion's Skin 
hanging over his Arm? 

Cleon. This repreſents ſome of the Labours of that 
wonderous Demi-god, who was the Son of Jupiter, by 
Alcmena, the Wife of 4mphiirys, King of Thebes. As he 
was the greateſt Hero for Feats of Strength; ſo no Doubt, 


his Fable had its Origin in the Hiſtogy of Samſon.— The 


Labours of Hercules were many, of which twelve are 
particularly celebrated, and are contained in the twelve 
following Verſes. 


2 Fire and Sword then Lerna's Hydra cnells; Z 
Of the wild Bear he clears th' Er'manthean Fields. 

he Braſs-foot Stag with golden, Antlers yields. 

He Stympha clears of Men-devouring Birds, 

And next the bouncing Amazon ungirds ; 

The Stables of King Augeas be cleans, 

The Cretan Bull he vanquiſhes and chains: 

Diomede's Horſes him their Conqu ror own, 

Then he brings low three-headed Geryon ; 

Heſperion Apples next his Name advance, 

And his laſt Labour Cerberus enchains. 

Of the Lion's Skin he made a Shield, and Breaft-plate, 
which you ſee; that three-headed Monſter is Cerberus, 
the Dog who kept the Gate of Hell, and whoſe Body was 
cover'd with Snakes inſtead of Hair; of whom V. irgil thus 
ſpeaks ;j—— 

Stretch'd in his Kennel, r- Cerb' rus round .' 
From triple Jaws made all theſe Realms reſound. 
And Horace thus: | 
Hell's grifly Porter let you paſs, 
7-0" freund and liſten d to your Lays. 


The Cleonean Lion firft be kills, _ 


The 
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The Snakes around his Head grew: tame; 
His Faws no longer glow'd with Flame; 
Nor triple Tongue was flain'd with Blood + 
No more his Breath with Venom flow'd. © 
* l Book III. Ode ii. 
Euphroſ. Well, to paſs this Monſter a little, I obſerve 
Lyra on the Breaſt of an Eagle, what does that import ? 
Cleon. Lyra is the Lyre, or Harp of Orpheus, the Son 
of Apollo, by Calliope the Muſe; on which he is ſaid to 


have * and ſung ſo ſweetly, that he tamed wild 
v4 


Beaſts, ed the Courſe of Rivers, and made the Woods 
follow him. Yea, when he deſcended ' into Hell to 
fetch back his Wife Euridice; he charmed Pluto and 
Proſerpina, (King and Queen of Hell) and made the 


Th unhappy Huſband, Huſband now no more, 
Did on his tuneful Harp his Loſs deplore, 7 
And ſought his mournful Mind with Muſic to reſtore. 
On thee, dear Wife, in Deſerts all alone, 

He call a, figh'd, ſung, his Griefs with Day hpi, 
Nor were they finiſh'd with tie ſetting dun. 

Ev'n to the dark Dominions of the Night 

Hie took his May, thro Foręſis void of Light ; 

And dar d amidſt the trembling Ghoſts to ſing, 

And flood before th* inexorable King. 

Th' infernal Troops like paſſing Shadows glide, 

And, liſPning, crowd the 777 Mufictan's Side. 

Ev'n from the Depths of Hell the Damn d advance, 
Th infernal Manſions nodding ſeem to dance, 
The gaping three-mouth'd Dog forgets to ſnarl, 

The Furies hearkhen, and their Snakes uncurl : 
Ixion ſeems no more his Pains to feel, 


But leans attentive on his flanding Wheel. 
| Georg. IV. 


With Orpheus tis uſual to join the Story of Ampbion, 
the Son of Jupiter, by Antiope; he received a Lute, or 
Harp, from Mercury, the Sound whereof moved the 
Stones ſo regularly, that they compoſed the Walls of the 
City of Thebes, according to Hoxdot— 

Amphion too, as Story goes, could call 

Obedient Stones to make the Theban Wall; 1 

7 
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He led them as he pleas'd, the Rocks obey d, 
And danc'd in Order to the Tune he Soy E421 
5 Art of Poetry. 


Enuphro 1 How extravagant are the F ictions of the 
p hey could never propoſe to have Credit for 


ſuch Romances; what could they propoſe; then, Go. 


nicus, in ſuch wild Relations? 
Cleon. Their End was to ſhew their Inventions) exer- 
ciſe their Art, amuſe the Learned, delude the Ignorant, 


and ſometimes to convey moral Inſtructions in this fabu- 


lous and hyperbolical Way, which was much in Vogue 
in the early Ages of the World. Thus, all they would 
imply by the dene Account of Orpheus and Amphion, 
is, that they were ſo eloquent, as to perſuade the wild 
and ſavage People of their Time to live conformable to 


the Laws and Rules of civil Society, 


Euphroſ. How came the Dolphin to merit a Place 
among the Stars? Methinks they made Fiſh plenty in 
Heaven! 

Cleon. The Heaven of the Heathen, was a common 
Receptacle of every Thing; a wild Miſcellany of all 
Orders of Creatures, without Order or Diſtinction. 
But not to digreſs; the Poets tell us of one Arion, a 
Lyric Poet of Leſbos, who got great Riches by his Art; 
and as he was going to Itah, the Mariners attempted to 
rob him, but he deſired he might play one Tune on his 
Harp before they threw him into the Sea; he played, 
and then leaped into the Sea, where a Dolphin (drawn 
thither by the Sweetneſs of his Muſic) received him on 


his Back, and carried him to Tenedes, with all his Mo- 
ney; for which Kindneſs the Dolphin was made a Con- 


ſtellation, according to Ovid. 
The Gods beheld the gen'rous Deed, and Jove 
Advanc'd him from the Deep to ſhine aboue 
Among the Conſtellations, now divine, 
And | for his Share of * he gave him nine. 
Lib. Faſt. II. 
Eupbreſ What is this Chi Berenicea, Jv above 


Virgo? 


Cleon. It is the Hair of Berenice, the Wife of King 
Evergetes, who vowed to cut off her Hair if her Huſband 
returned from the War, Victor; accordingly ſhe did, 

: ; and 


Fd 
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and ſent it to the Temple of Venus, from whence it was 
ſaid to be taken up into Heaven and made a, Conſtel- 
lation: On which Catullus has wrote a curious Poem in 
. „ 
. \Euphroſ. The Evening is now ſo far ſpent, that there 
is no Time for any further Enquiries ; and indeed, if it 
were nof, I believe I have pretty well tired you with 
Queries for to Night. | ( 15 
Cleon. Not at all, my Euphroſyne ; but luckily for us, 
we have taken Notice of all that afford any Thing of 
Hiſtory or Fable in the Northern Conſtellations, worth 
Notice ; the reſt are of more modern Invention, and have 
nothing in them ſignificant. We will, To-morrow, paſs 
on to the Southern Conſtellations, which will afford us 


farther Entertainment of this Sort, and conclude this 


Survey. 6 i 


a * 4 ja 4 _— 
* — : 


DIALOGUE IV. 


Of the ConsTeLLations of the SourhERN Hz- 
MISPHERE, with their FaBuLous HisToRy. 


Euphroſyne. 22 | 

FTAHIS Evening you appoint for finiſhing our View of 
the Conſtellations. — We are now to deſcend to 

thoſe of the Southern Hemiſphere, among which, I ſee 
Orion makes a very conſiderable Figure; pray, Cleonicus, 
give me his Story. | | 
Cleon. I will, and it runs thus in Fable; tis ſaid that 
Jupiter, Neptune, and Mercury, as they once travelled 


- together, were benighted, and forced to lodge in a poor 


Man's Houſe, whoſe Name was Hircus; he entertained 
them as well as he could, which ſo pleaſed the Gods, 
that they promiſed to grant whatever he aſked. He ſaid, 
he promiſed his Wife on her Death-bed to live a Wi- 
dower, and yet he extremely deſired to have a Son; 
they conſented to his Requeſt, and moiſtening an Ox's 
Hide with their Urine, they commanded him to bury it 


ten Months, After which Time, digging it up, he 


found in it a new-born Child, which from thence was 


called Urin, or Orion. 
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Orion was a conſtant Companion of Diana, while a 


| Youth, but at length, - behaving indecently to her, he 
was ſtung to Death by a Scorpion. However, 3 5 


tranſlated him to Heaven, and made him a moſt con- 
ſpicuous Conſtellation, which is thus deſcribed by Ma- 
nilius. | | = 

Fir, next the Twins, ſee great Orion riſe, 

His Arms extended firetch oer Half the Skies s + 
His Stride is large, and with a flately Pace 
* He marches on and meaſures a vaſt Spate. - 
On each broad Shoulder a bright Star's diſplay'd, 
And three obliquely grace his hanging Blade. 
In his vaſt Head immers'd in boundleſs Spheresz 
Three Stars leſs bright, but yet as great, he bears. 
But farther off remov'd, their Splendor's loft, © 
Thus grac'd and arm'd, he leads the flarry Hoſt. © 
„ added | | ; Book I. 
Eupbroſ. The next Conſtellation T obſerve, is the 
huge YYhale, or rather Sœa-monſter; for he is partly 
Beaſt, and partly Fiſh. How came he in Heaven, 
ray:f:- 5% TW. AEM oc 
n Clan. This is that dreadful Monſter which was to 
devour Andromeda, chained to a Rock; whoſe Story 1 
have before related to you from Ovid. The Whale is 
thus deſcribed by Maniliu - „ * 
Next on his Belly floats the mighty Whale, 

Hie twiſts his Back, and rears his threat'ning Tail; 
He ſpouts the Tide, and cuts the foaming Way, 
Hide gapes his Mouth, as eager on his Prey; 

Such on Andromeda he ruſbt, and bore 
The troubled Waves beyond their uſual Shore. _ g 
| | | B ; 


Euphroſ. What horrid Hydra is that which carries 
ſuch a Length on the Globe? | 
Cleon, It makes indeed, a great Figure, but I cannot 
I ſhould have taken it for 


certainly tell its Original. 
the Hydra of the Lake Lerna, which Hercules flew, but 
this has but one Head, whereas that is ſaid to have had 
many; of which it is ſaid, that when any one was cut 


off, another immediately ſprang up in the Place of it, 


unleſs the Blood which iſſued from the Wound was 
Ropped by Fire; this Hercules did by the Aſſiſtance of 
Ea | D Tolaus, 
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Tolaus, the Son of Iphiclus, and ſo flew the Serpent. 


Tolaus, you'}l find by Ovid, was no Loſer by this; for 
when he was grown old and decrepit, he was reſtored to 
- Youth again by the Prayers of Hercules. 

At the big Entrance, Tolaus appears, 
Blooming in Beauty, and renew'd in Years; _ 
Crown'd with a ſecond Youth, and ſprightly Grace, 
T he doubtful Down ſcarce ſhades his maiden Face, 
The Favour to his, Uncle's Pray'rs he ow'd, 
And Hebe at her Huſband's Suit beftarw'd. 
| Net. Lb. IX. 

Euphroſ. Strange Things, ſure, have been done of 
old: If our Jugglers, or Legerdemain- Gentlemen, could 

perform any Feats like this, they would be in better 

Repute among the People than now they are. But 

that Dog, there, with a Collar about his Neck, how 

came he in Heaven? And that little one above is ſo very 
pretty, that I ſhould almoſt fancy it to be a Lap- dog 
belonging to ſome of their celeſtial Ladyſhips, if I 
thought any ſuch Thing were the Faſhion in Heaven.— 

, Cleon. You cannot think any Thing too wild or 
whimſical, that may not be true, of thoſe whom the 
Antients have advanced to their poetical Heaven: And 
in this Particular of the Dog you have conjeQured right: 
for Poets tell us, this was the Dog that belonged to 
Tcarus, or rather to his Daughter Er:gone, who, as ſome 
will have it, was made the Sign Virgo, and it was per- 
mitted her, no Doubt, to take her Dog along with her 
to Heaven. But be that as it will, this is certain, no 
Conſtellation was more notable than this among the 
Antients, on Account of that moſt obvious and remark- 
able Star in his Mouth, of which I ſhall ſay more an- 
other Time. NE" 

Euphroſ. Pray, what mathematical Inſtrument is that 
which I ſee between the Lion and the Hydra ? 

Clean. It is the Sextant of Urania, one of the Min- 
Muſes; it is placed there in Honour of her, as Inven- 
treſs, not only of that, but moſt other aſtronomical In- 
ſtruments, and the Patroneſs of Aſtronomers, and the 
celeſtial Sciences. Hence the Poets, when they under- 
take to ſing of Heaven, and the Works of Nature, 
invoke the Aid of Urania, 28 Hilton. . a : 
Gen Deſcend 
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= LA. Deſcend from Heav'n, Urania by that Name 
or IF rightly thou art calf d; whoſe Voice divine 
be | ollowing, above th Olympian Hill I fear, - 


Above the Flight of Pegaſean Wing —— | 
And the AGREE of ar wa | Wi Mr, Bro, thus 
inyokes this Geddes. 
bon, whom the antient Seer 2 | 
Venus Urania I born the Babe of Smiles | 1 
Then from the Deep thy bright Emergence ſprung, 
Hnd Nature on thy Form 45 toinely hung, + 
- gs Whoſe Steps (by Loves and Graces kiſs'd) advance, 


7 = And chearful Hours lead on the fprightly Dance; 
ld  - While Time within eternal Durance bound 
ter = Hlarmonious, on golden Hinges moves around :... 
ut 2 HSGuch, Goddeſs as when Silence wond' ring Las dh. 
o 5 And ev'n thyſelf beheld Thyſelf amax d; 7 110321 
ery . 8 Such hap'ly by that Coon Artiſi b, | 
log | | Seated apparent Qucen on Fancy's Throne; 
N Brom thence thy Shape his happy Canvas bleſt, 
. : | And Colours dipt in Heav'n, thy beau uly Form con feſl. 
or Such, Goddeſs ! thro this Virgin Foligge ſhine, 
the Le tindling Beauties glow thro ev ry Line, { 
nd | And of 7 Zye * fs the Work divine. — 
nt: at I. 
to 8 Eupbroſ. What i is meant by the Word Crater? The 
me Figure of the Conſtellation ſeems to me like a rich two- 
er- x handled Cup, or Bowl. 
her | _— Cleon, That is the very Thing; it was the Bowl of 
no = Bacchus, the God of Banquets and Revels. Next which, 
the you ſee Corvus, the Raven, or Crow, fitting on the Ser- 
rk- pent's Tail, Below theſe, you obſerve another. of thoſe 
an- Monſters they call *Centaurs, ſtriking his Spear into a 
Wolf; and next to him is Ara, the Altar of Fave; the 
hat Uſe and Occaſion thereof is thus deſcribed by Manilius : 
The World's great Temple next, and Altar lies, 
Vine Grac'd with the Gifts congu ring Deities ; 
en- | When Earth-born Giants did their Skies invade, 
In- The leſſer Gods implor'd the greater's lid) 
the | His Poꝛu' v Jove doubted when he wiew'd from far. 
ler- T he threat ning Force of the unequal War. © 
ure, | When he inverted Nature's Frame beheld, 


That Earth roſe upward, and that all rebel 4. 
cond 55 
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That Hills on Hills heap'd, rais d ther threat' ning Head, 
And frighted Stars approaching Mountains fled : 
When impious Armies at a monſt rous Birth, 
Broke thro the Bowels of the gaping E arth, 
» diſagreeing Forms, and frightful Makes, 
human Bodies twiſted into Snakes, 
Ere 2 555 no Danger and no Fear was known, 
And wanton Jove ſat idly in his Throne, | 
| But of ſome greater Pow'r (ſoft Eaſe betray'd. 
His Mind to Doubt) ſhould yield the Rebels Aid; 
_ Heraisd this Altar, and the Form appears 
With Incenſe loaded, and adorn'd with Stars. * 
I 
Euphroſ. What great Ship is that I ſee, called Argo? 
Clean. This was the Ship in which the famous Expe- 
dition was made by Jaſon and his Company (hence called 


Argonauts) to Colebis, to recover the Golden Fleece; ; and 


is thus deſcribed by Manilius: 

Next Procyon view, and next the nimble Hare: 
Then Argo ſailing thro the liquid Air; 
Advanc'd from all the Dangers of the Tides, 
Which fir ft ſhe flemni'd, ſhe now ſecurely rides. _ 
Heaw'n is ber Port, and now ſbe rules the Floods, 
A Goddeſs made for ſaving of the Gods. 1 
ib. 


Euphroſ. I ſee the Peacock is honoured with an Aſteriſm 
likewiſe, how came that to paſs ? 
Uuleon. You have now quite puzzled me I cannot tell 
how it came about, unleſs it was in Commemoration of 
Argus, whom the Poets feign to have had an hundred 
Eyes, two of which ſlept by Turns, while the others 
watched z as is thus deſcribed by Ovid - 
Argus's Head an Hundred Eyes poſſe d, * 
And only two at once declin'd to Ref? ; 3 
The others watch d, and in a conſtant Round, 
Refreſhment 1 in alternate Courſes found ; 
Whereer he turn'd, he always 10 view'd, 
Is he jaw, tho ſhe behind him ſtood. 
He was ſlain at laſt by Mercury, and turned by Juno 
into a Peacoch, who placed his Eyes in the Tail of that 


Bird. 
. There 
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Fhich gave his Hundred Eyes their uſual Sight, 
Lies bury'd noꝛu in one eternal Night. 
But Juno, that ſhe might his Eyes retain, 
Soon fix d em in ber gaudy Peacock's Train. 
Metam. Lib. I. 

Euphrof. This is pretty much of a Piece with other - 
poetical Stories. —But as I remember to have read, that 
the Peacock was a Bird ſacred to Juno, (as the Eagle to 
Jupiter) J could not tell whether it might not be on that 
Account. 

Cleon. That may probably be the Caſe; Juno was 
Supreme of the Goddeſſes, and her Chariot was drawn 
by two Peacocks; no Wonder therefore, if this Bird was 
made a Conſtellation, and I only think *tis Pity they had 
not placed him in ſuch a Part where he might oftener 
appear, and have a greater Number of Stars to bedeck 
his Tail. 

Euphroſ. Well, to paſs him, what fay you of the River 


There Argus lies ; and all that wond'rous Light J 


. Eridanus, 1 ſee there ? Is it a River of Ne&ar that ſup- 
plies the Gods with Drink ? or what is it, and how came - 


it there ? 

Clean. The River Eridanus was that which is now 
called the Po, in Italy; it was placed in Heaven, in 
Commemoration of the unhappy Fall of Phazton, (whoſe 
Name at firſt was Eridanus) the Son of Apollo and Clymene. 
The Fable is this; Pha#ton wanted Apollo to give him 
ſome Proof that he was his Father. Apollo, to gratify his 
Son, bid him aſk what he would, and it ſhould be 
granted him, and ſwore by the River Styx, to confirm it, 
(which Oath is inviolable.) Pha#ton aſked Leave to 


drive his Chariot for one Day ; which raſh Requeſt 


greatly griev'd Apollo, who defired him not to inſiſt on it, 
but in vain, for drive the Chariot he would, and Apollo 
by his Oath was obliged to permit him. $So up he 
mounts, and drives on, regardleſs of his Father's Direc- 


tions; but the Horſes, not finding their uſual Conductor, 


took Head, and the Charioteer being dazzled with the 


Light above, and frighted with the horrid Abyſs beneath, 


and the terrible Scorpion, let go the Reins, loſt his Way, 
and would have burnt one Half of the World, and froze 
the other, if Jupiter had not ſtruck him with a Thunder- 

D 3 : bolt 
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bolt into the River Eridanns. This Story is the moſt 
noble and ſublime of any in Ovid, and well worth your 
reading; the Concluſion of which runs thus: 
Jove calPd to witneſs ev'ry Power above, 
And een the God whoſe Son the Chariot drove 
That what he afted, be was forcd to do, 
Or univerſal Ruin would enſue. 
Ale then aſcended the ætherial Throne, 
From whence he us d to hurl the Thunder down ; 
From whence his Show'rs and Storms he us'd to pour, © 
But now could meet with neither Storm nor Show'r. 
Full at his Head he fhit the flaming Brand, 
Which ſtopt the Flames, and Fire with Fires reftrain'd. 
At wnce from Life, an of pig the Chariot driv'n, | 
Th ambitious Youth fell Thunder-firuck from Heav'n; 
The Horſes ftarted — udden Bound, 
And flung the Reins and Chariot to the Ground. 
The ſtudded Harneſs from their Necks they broke, 
| Here fell a Wheel, and here a Silver Spoke ; 
Here were the Beam and Axle torn away, 
And, ſcatter d oer the Earth the ſhining Fragments lay. 
The blaſted Phaeton with flaming Hair, 
Shot from the Chariot like a falling Star; 
dich in a cloudleſs Ev'ning from the Top 
O Heav'n drops down, or ſeems at leaſt to drop; 
Till on the Po his ſmoaking Corpſe was hurl d, 
Far from his Country, in the weſtern World, 
Ovid's Met. Lib. II. 
Euphroſ. This is a fine Relation indeed, though fabu- 
lous; and I ſuppoſe was intended to admoniſh us of the 
ill Conſequences of raſh and imprudent Actions. But 
what is the Meaning of the Phænix in the Flame, which 
I fee upon the lower End of the River Eridanus ? | 
Cleon. That Bird too is a Fiction; of which Pliny 
thus writes; that ſhe is of the Bigneſs of an Eagle, and 
never but one that ſhe lives 660 Years, and then makes 
a Neſt of Hot Spices, which being ſet on Fire by the 
Heat of the Sun, ſhe is burnt, and out of her Aſhes 
there ariſes a Worm, which afrorwennads comes to be a 
Phenix. This we have elegantly deſcribed by Ovid thus. 
Thus all receive their Bir h from other Things, 


But from himſelf the Phoenix only ſprings ; 


Self- 
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S:If- born, begotten by the Parent Flame 
In which he burn'd another and the ſame - 
Who not by Corn or Herbs his Life ſuſtains, 
But the ſweet Eſſence of Amomum drains ; 
And watches the rich Gums Arabia bears, 
While yet in tender Dew they drop their Tears. 
He (his five Centuries of Life fulfilPd) | 
His Neſt en Oaken Boughs begins to build, 
Or trembling Tops of Palm ; and firſt he draws 
The Plan with his broad Bill and crooked Claws, 
Nature's Artificers ; on this the Pile | 
Is form'd, and riſes round: Then with the Spoil 
Of Caſſia, Cinnamon, and Stems of Nard, | 
For Softneſs ſtret d bereath, his fun ral Bed is rear d. 
Fun' ral and bridal both; and all around 
The Borders with corruptleſs Myrrh are crown'd 
On this incumbent, *till ethereal Flame 
Firſt catches, then conſumes the cofily Frame; 
Conſumes him too as on the Pile he lies; 
He liv'd in Odours, and in Odours dies. 
An Infant Phoenix from the Former ſprings 
His Father's Heir, and from his tender Wings + | 
Shakes off his Parent-Duft : His Method he purſues, 
And the ſame Leaſe of Life on the ſame Terms renews. 
When, grown to Manhood, he begins to reign, 
And with fliff Pinions can his Flight ſuſtain, 
He lightens of its Load the Tree that bore 
His Father's royal Sepulchre before, . 
And his own Cradle; this, with pious Care, 
Plac'd on his Back, he cuts the buxom Air, 
Seeks the Sun's City, and his ſacred Church, 
And decently lays down his Burden in the Porch. | 
i Dryd. Ovid, 
Euphroſ. A very ſurpriſing Account were it true 
Pray, what is that other Bird called the Toucan ? 
Cleon. Indeed I can ſay but little of it, it is an Indian 


Bird; but how he, or the Phanix, or the Indian, or the 


Crane, the Sword-Fiſh, Noah's Dove, and other Conſtel- 


lations not named, came by their Divinity, I cannot 


particularly fay, Tis certain they are all of them of 


modern Date, ſince Manilius, the antient aſtronomical 
Poet, ſays not a Word of them; nor indeed were the 
D 4 Stars 
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Stars of the Southern Hemiſphere, near the South Pole, 
known in the Regiſters of Aſtronomy *till within a few 
Centuries paſt. "And as they became diſcovered and 
reduced to Conſtellations, the Aſtronomers gave them 
the Fi igures of ſuch Creatures as they pleaſed. So that 
there remains now no more Conſtellations, of which we 
may expect any poetical Account, unleſs we reckon the 
Milky-Way as ſuch ; for that we find the Poets very 
often IE their Muſe upon. 

Euphraſ. You have already given me the true, aſtro- 
nomical Account of the Miliy-Way; but it will be ſome 
Curioſity to hear what the Poets ſay, or feign on that 
Head, and therefore pray oblige me ſo far. | 

Clean. I will ; Hercules, I have told you, was Fupiter's 
Baſtard Child, by Alcmena, the Wife of Amphitryo, King 


of Thebes, and: therefore he was the Object of Juno 8 


Hatred. » But after many Ways attempting to deſtroy 
him in vain, ſhe was at length, by the Mediation of 
Pallas, reconciled to the noble Babe, and let him ſuck 
her Breaſts, which he hurt by ſucking too violently ; 

wherefore ſhe put him away, and ſome of the Milk was 
ſpilt, but it was not loſt; for ſome of it fell upon the 
Sky, and running along, made the Miliy-MWay. Some 
of it paſſed through the Clouds, and fell on the Earth, 

and where it fell, Lillies ſprang up, which are therefore 
white, and were by ſome called the Roſes of Juno. This 
is the Fable; the poetical Deſcription of the Milty- May 

J have 3 you already. To which I ſhall dd the 
various Opinions of the Ancients concerning the Origin 
of the Miliy-May from Manilius, who relates them in 
the following Lines. 


Fond Men the ſacred Cauſes ftrive to find, 

. And vainly meaſure with a feeble Mind ; 

And yet they ſtrive, they madly whirl about | 

Thro various Cauſes, ftill condemn'd to doubt 

Whether the Skies grown old, here ſhrink their Frame, 
And thro the Chinks admit an upper Flame : 

Or, whether here the Heavens two Halves are join'd, 

But oddly clos d, ill leave a Seam behind ; 

Or here the Paris 6 in Wedges cloſely preſt, 

To fix the Frame, are thicker than the reſt ; ; 


Like 
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e, Lite Clouds condens'd appear, and W the Sele, 
wv The Azure being thick ned into M bite. | 
id Or vob ther that old Tale deſerves our Faith, 
n Which boldly ſays, that this was once the Path 
at Where Phoebus drove; and that in Length of Years 
5e N The heated Track took fire and burnt the Stars. | 
1 The Colour chang d, the Aßbes ſtre d the May, 1 
y And ſtill preſerve the Marks [4 their Decay : / .\ 
| | Beſides, Fame tells, by Age Fame rev'rend grown, | | ji 
"A That Phoebus gave his Chariot to his Son, 
* And whilſt the Y oungſter from the Path declines, 
at | Admiring the ſtrange Beauty of the Signs; 
+ Proud of his Charge, he drove the fry Horſe, 
58 | And would out- do his Father in his Courſe. 
18 | The North grew warm, and the unuſual Fire 
” |  Diſſelv'd its Snow, and made the Bears retire ; 
y ff Nor was the Earth ſecure, each Country mourn'd 
of | The common Fate, and in its Cities burn'd. 
k | Then from the ſcatter'd Chariot Light'ning came, 
73 And the whole Skies were one continu d Flame. 
a8 The World took Fire, and in new kindled Stars 
_— | The bright Remembrance of its Fate it bears. . 
ne : Thus Fame; nor muſt the ſofter Fable die, 4 
h, That Juno's Breaſt &erflowing lain d the Sky, 
re And made that Milky-Way, which juſtly draws 
is | Its Name, the Milky Circle from its Cauſe, 
ay 4 . - Or is the ſpacious Bend ſerenely bright 
he = From little Stars, which there their Beams unite, 
in . And make one ſelid and continu'd Light? 
in 5 Souls, which, loos d from th 1gnoble Chain 


"Bs and ſent to their own Heav'n again, 
rg'd from all Droſs by Virtue, nobly riſe, 
he; ther wanton, and enjoy the Skies, 


Book I. 
And thus we have finiſhed a fabulous Survey of the 
_ Conſtellations : That which now remains, is to proceed. 
, to a more particular Uſe of the Celgſtial Globe; and that 
{hall be the Subject of our next Leiſure. 
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DIALOGUE v. 


Showing i the Uſe of the. CEL ESTIAL Grove in 
ſolving SOLAR PROBLEMS, et ares a5 relate 


to the SUN. 


WY Euphroſone. ae 
.Ceotding to your propoſed Method, I am now to 
learn the Uſe of the CELESTIAL 'GrLoBz more 
accurately than I have yet done; but pray, Cleonicus, in 
what Reſpects, or in what Particulars, may I now * 
to be inſtructed ? : 

Cleon. I ſhall firſt ſhew you how to rectify the Globe 
for any Place; then, how to find the Place of the Sun, 
Moon, or. Planet, in the Ecliptic for afty given Time; 
and alſo, how to find the Lime of their Ring, Southing, 
Setting, Sc. for that Day: And laſtly, I ſhall ſhew 
how, by the Stars on the Globe, you may find any Stars 
in the Heavens for any Time of the Year, and the Time 
of their Ning, Setting, Oc. 

Euphreſ. Well, this will be very delightful, and I 
promiſe myſelf a great deal of Pleaſure and Advantage 
in ſuch a Speculation. Therefore, to make a Begin- 
ning, pray tell me what you mean by rec. Hing the 
Globe? 

Cleon. To reQify the Globe for any Place, 7s to ele- 
vate the North Pole of it juſt fo high above the artificial 
Horizon, as the Pole-Star in the Heavens is above the natu- 
ral Horizon of that Place. 

Euphroſ. How muſt I proceed to rectify the Globe for 
any particular Place, as London, for Inſtance ? 

Cleon. You muſt firſt learn the Latitude of the Place, 
either by Obſervation, or from ſome Table of the Lati- 
tudes. As that of London you'll find to be about 8 30 
or this you may find on the Terrgſtrial Globe, by bring- 
ing London to the Braſs Meridian, where you obſerve it 


\ paſſes under 51: 30. of North Latitude. Having thus 


got the Latitude of the Place, take the Braſs Meridian, 
and raiſe or depreſs it in the F rame, till the, Horizon 
cuts it (on the North Part) in 517: 30 equal to the 
Latitude of London, there let the Globe reſt, and it will 
1 be 
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Ecliptic, I find equal with it the 18th Degree of Taurus.” 
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be the true Repreſentation of the. Poſition of the Earth 


and Horizon for London. 


Euphroſ. Well, this I can do immediately. The 
Globe is rectified. What am I to do next:? 

Cleon. The next Thing is to find the Sun's Place in the 
Ecliptic for any given Time you pleaſe; this you are to 
do by the Calendar and Ecliptic on the Horizon; in the 
firſt of which you find the Day, and oppoſite thereto, in 
the latter, you find the Degree the Sun poſſeſſes that 
Day:. 815 

Eubbroſ Let me try if I can do this for the preſent 
Day, which is the 8th of May. Let me ſee | Here 
and then, in the 


Is not that right? als B.A 
Cleon. Very nearly; for in Inſtruments, however 
exact, we muſt not ſtand for a few Minutes, which 
make no ſenſible Alteration from - what we behold in 
Nat & . 
Euphroſ. Well, as I have found the Sun's Place, what 
am I to do next:? | | 48 
Cleon. In the next Place, turn the Globe about till 
ou ſee the ſame. Degree of Taurus in the Ecliptic on the 


Globe, and thereon ſtick a ſmall Patch, and bring that 


Patch to the Meridian, and let the Globe reſt there. 


Eupbraſ. Tis done; the Patch is now under the Me- 


ridian : but, pray, Cleonicus, what does it repreſent there, 


the Sun? - 


Cleon. Yes, my Euphroſyne, it there repreſents the 
Noon-tide Sun for the preſent Day : For, as I have 


ſhewn you by the Orrery, whenever the Sun comes to 


the Meridian of any Place, it is then the Noon of that 
Day, or 12 o'Clock. Therefore hold the Globe faſt 
with one Hand, and with the other bring the Hour-Hand, 
or Index to the Hour XII, in the upper Part of the Hour- 
Circle, over the Meridian, and there let things remain, 
Zuphroſ. This I have done—what next? 
Cleon. Now you may eaſily folve many very uſeful 


Problems in Aſtronomy; as (1.) The Globe, in this 


Poſition, ſhews you all the Stars and Conſtellations that 


were up, or above the Horizon, this Day at Noon. (2.)- 


Obſerve the Degree the Patch touches upon the Meridian, 


and 
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and that is the Sun's Declination. (3.) See what Degree 
of the Equinoctial is cut by the Meridian, and that will 
be the Sun's right Aſcenſion. (4.) Turn the Globe Eaft- 
Ward, *till the Patch touches the Horizon, which then 
repreſents the Sun's Riſing, and the Index upon the Hour- 
Circle will ſhew the Hour. (5.) At the ſame Time, 
number the. Degrees on the Horizon between the Patch 
and the Ea/t-Point, and that will be his Amplitude of 
Riſing for this Day. (6.) Then turn the Globe Weſi- 
ward, *till the Patch again touches the Horizon, and the 
Index will ſhew the Hour of his Setting this Day. (7.) 
You obſerve on the, Horizon his Amplitude of Setting 
from the J:/?- Point towards the South. Theſe Things 
you may practiſe firſt on the Globe, and then we will 


proceed to ſome other Problems. | 


Euphroſ. Well then, for the Sun's Declination, I ſee 
the Patch cuts the Meridian in or near the 174+ Degree 
Northward, and that is his Declination for to Day.—— 
Again, I obſerve the Meridian cuts the Equinoctial in 
about 45* : 30“, which you ſay is the Sun's right Aſcen- 


fion this Day.—I have now brought the Patch to the 


Eaſtern Side of the Horizon, and I fee the Index points 
to the Hour of VII: 30 for the Time of his Rijing, —and 
bis Amplitude is 27%: 200 to the South, —— The Patch 
touches the Weſtern Side of the Horizon, and the Index 
ſtands at the Hour of IV: 30“, which is the Time the 
Sun ſet to Day, —and his Amplitude of Setting I ſee is the 
ſame with that of his Riſing, viz. near 27 200 to the 
South, | 
Cleon. Very good, my Euphroſyne ; no one could have 
ſolved theſe Problems on the Globe with more Exactneſs 
than you have done——Let us now remove the Patch, 
and put it on the firſt Degree of Capricorn, where the Sun 
is on the ſhorteſt Day of the Year, viz, the 22d of De- 
cember, and we ſhall fee that his Riſing, Setting, Length of 
Days and Nights, &c. are the ſame as I ſhewed you by 
the Theory. TI „ 
Eupbroſ. Pray do; I'll put it on the firſt Degree of 


Capricorn; — and now let me ſce, - the Sun's Declination 
South is then 23* : 30 ;—his right Aſcenſion 270 ;—his 
Altitude at Noon 15% ;—the Time of his Rhing is VIII: 
13 ;—and of his Setting III: 47 ;—his Amplitude (now 
; E | greateſt } 
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greateſt) Southward, is for his Riſing and Setting, about 


40%, which I ſee is almoſt South-Eaſt, —— 


Cleon. I find you are very ready at ſolving aſtronomical 


Problems and ſince on the ſhorteſt Day the Sun riſes 
at VIII: 17, and ſets at III: 47", tis evident, the Length 
of that Day is VII: 34, and of the Night XVI: 26, 


which is juſt the ſame as I told you from the Orrery. 
Euphroſ. It is ſo; and I am pleaſed to ſee how exactly 

this noble Inſtrument correſponds with the Orrery, and 

common Obſervation; for I took notice this very Da 


that the Sun went down by the Clock juſt at the Time 


ſhewn by the Globe. | | 
Cleon. It did ſo; and had you obſerved it riſing this 
Morning, you would bave found it at the ſame Time, as 


by the Globe, —We have ſolved the Phenomena for the 


ſhorteſt Day; let us now ſuppoſe the Sun in the Vernal 


Equinox, that is, in the firſt Scruple of Aries, and ſee 


how theſe Things will fall out for that 'Time, which you 
remember is on the 21ſt of March. 6 0 
Euphroſ. Very good, Cleonicus; it is a remarkable Sea- 
ſon. I think there needs no Patch to repreſent the Sun 
there; the Interſection of the Ecliptic and Equinoctial is 
a Point ſufficiently notable without it. I'll bring it to 
the Meridian, and then I ſet the Hour Hand to XII, as 


before. - and thus the Globe now repreſents the Noon of 


that Day. | | $1 

Cleon. Well, and how do you obſerve the foregoing 
Particulars on the Globe ? 

Euphroſ. I ſee they are very different from what they 
were before. Now I obſerve the Sun's Meridian, Al. 
titude, or Height at Noon, is 38%: 30, equal to that of 
the Equinoctial, the Sun being in it ;—alſo, becauſe the 
Sun is in the firſt Minute of the Equinoctial as well as the 
Ecliptic, it has no right Aſcenſion. Alſo no Declination, 
for the ſame Reaſon.—Alſo, if I turn the Globe Eaſt or 
Wei, I ſee the Sun will riſe and ſet juft at 6 O Cloct; the 


Eguinoctial being the Sun's Path for that Day. — Again, 


I obſerve the Sun riſes and ſets exactly on the Eaſt and 


We/i Points of the Horizon; and therefore has no Ampli- 


tude that Day. | 
Cleon. You are very right in every Particular, my Eu- 
phroſyne; and thus you find the Days and Nights are then 


of equal Length, and all other Things happen juſt as 


they 
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they were explained to you by the Orrery. And in the 
ſame Manner, you'll obſerve Things to happen, if you 
ſuppoſe the Sun in the other Eguinox, as on September 23d. 
Let us now proceed to the lon geſt Day, viz. when the Sun 
enters into the firſt” Deg ree 1 Cancer, and obſerve the 
State of Things for this Day, viz. the 22d of June. 
Emnphref. With a very good Will, Cleonicus; and on 
that Pont FH: again ſtick on the ſolar Patch, - which I 
ſet to the Meridian, and the Hour-Index to the Hour of 
XII, for the Noon of that Day. I now obſerve the 
| Suns Meridiam Altitude is very great, being 62 Degrees, 
and his right Aſcenſion 90 Degrees his Declination is 
now 23® : 30 North, as it was before South on the ſhorteſt 
Day.—1 ſee the Tropic of Cancer ſhews the Sun's diurnal | 
Path for that Day, and by turning the Globe Eaſtward, 
when the Patch touches the Horizon, I ſee the Index ſtand 
at III: 477, the Hour of the Sun's Ri/ing that Day.— 
And again, when I bring the Patch to the Weſtern Ho- 
rizon, the Index points to the VIII: 135, the Time of 
His Setting that Evening ;—and his Amplitude of Rifing and 
Setting is now juſt as much Northward, as it was South- 
= | ward on the ſhorteſt Day. 
1 Cleon. Very right, my Euphroſyne; and here again you 
bbſerve alſo, that the Sun now riſes on the ſame Hour in 
the Morning, as it ſet on the Evening of the ſhorteſt 
Day; and ſets now at the Hour it did then riſe: 
And moreover, that the Length of the Night now is equal 
to that of the Day then; and the longeſt Day now is = . 
equal to the then e Night. All which you ſee is 
perfectly agreeable to the Theory. There are two or 
three Problems more worth knowing, relating to the Sun, 
|; to be reſolved on the Globe by the "gp" of Altitude, 
_ which you ſee is ſerewed on to the Meridian, at the La- 
| i 1 25 titude of 519 : 30, viz. that of London, 
vi ! | Euphroſ. Pray whar are they, and how reſolved by that 
1 moveable Quadrant: 
1 BY Cleon. One is, to find the Sun's Altitude any Hour of 
the Day, for any Part of the Ecliptic. As ſuppoſe the 
Sun in the Beginning of Cancer, where the Patch now is, 
and I would know what Height the Sun is above the Ho- 
Fizon at Six o'Clock.—In order to this, I bring the Patch 
to the Meridian, and ſet the Index to XII, as uſual ; 
then 
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then I turn the Globe *till the Index points to the Hour 


of VI, where I hold it faſt, and lay the Quadrant over 
the Patch, and by it I ſee the Sun is about 19 Degrees 


above the Horizon, which is his Altitude at Six, -for the 


Morning and Evening of the longeſt Day.——Alſo, for 
the ſame Day, you find his Altitude when he is due Eaſ or 


WP, thus; —T bring the Quadrant to the Eaſt Point of 


the Horizon, and turn the Globe till the Patch touches 
the Edge of the Quadrant, —which you ſee is at the 37“, 
and that is the Sun's, Altitude when due Eaſt or Weſt 
that Day, —— Things remaining as they were, you ob- 
ſerve the Time ſhewn by the Index, when the Sun is 
due Eaſt or Weſt, viz. VII: 21 in the Morning; and 
in the ſame Manner, you will find it to be IV: 39 in the 
Afternoon. — And theſe Things you may find for any Day, 
while the Sun is in the Summer Half of the Eeliptic. 

Euphroſ. Yes, T imagine I can, Cleonicus the Me- 


thod, by ſeeing you do it, ſeems pretty eaſy.— What 


other Problems remain ? a : 
Cleon. If by a common Quadrant, or otherwiſe, I take 


the Altitude of the Sun on any Day, I can find by the 


Globe what Time or Hour it was; thus - ſuppoſe on the 
12th of May, in the Forenoon, I find the Sun's Altitude 
to be 46% and would know the Time of Day, ——T 
proceed thus : By the Calendar, I fee the Sun's Place, 
on the 11th of May, is about 20%: 300 of 8; and there 
_ I ſtick the Patch on the Globe, which TI bring te the 


Meridian, and ſet the Hour Hand to XII. Then I move 
the Globe and Quadrant ſo together, that I cauſe the 


Patch to touch the 46th Degree on the Quadrant, and 
then holding both ſill, I obſerve the Index points to IX: 


30', and that was the Hour or Time when the Altitude 


Euphroſ. This ſeems to be an uſeful Problem: - 
Which is next? | Regs 

Cleon. By the Globe, you may find the Sun's Azimuth 
for any Hour of any given Day of the Year. Thus, 


let us take the laſt Inſtance of May 11th, at Half an 
Hour after IX in the Morning ; bringing the Sun's Place 
8 200: 30“ to the Meridian, and ſetting the Index to 
XII, I turn the Globe till the Index point to IX: 30 
and there hold the Globe; then I lay the Quadrant over 


the 
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the Sun's Place, and it repreſents the Sun's Azimuth for 
that Time, i. e. it ſhews what Point of the Compaſs the 
Sun is upon; as in this Caſe it is upon the Point of 


(S. E. by E.) South-Eaſt by 70 that is, 3 Points from 
© 


the Eaſt towards the South. u are alſo to obſerve, that 
the Diſtance between the Quadrant and the North and 
South Part of the Meridian is called the Sun's Azimuth 
From the North or South; and is reckoned in Degrees on 
| the Horizon. But as this Problem is chiefly of Uſe to 
„ Navigators, we will paſs to another, which more generally 
Wil | concerns all Mankind, and is in itfelf very curious. 


Euphroſ. What one is that, Cleonicus? 

WIT Cleon. Concerning the Break of Day and Twilight. — 
1140 It is found by Obſervation, that after the Sun ſets, tis 
1 not dark Night till he is deſcended about 18 Degrees be- 


1 | low the Horizon; and when he comes to that Diſtance 
44 from the Horizon in the Eaſt, the Day begins to dawn. 

Euphroſ. This I long to ſee you ſhew by the Globe 
for that muſt be exceeding natural. 


| 

1 ö 5 L 

if t Cleon. And it will be the more ſo, by fixing this Braſs- 
| 
| 


wire to the Horizon, encompaſling the Globe at 189 
below it; for this will repreſent the Boundary between 
Twilight and dark Night. Caſt your Eyes, therefore, 
below the Horizon, and you will obſerve, while the Globe 
is turned about, that the greateſt Part of the Ecliptic 
will go below the Wire, and ſo will admit of dark Night; 
but ſome of the northern Part does not deſcend below the 
Wire, and therefore, while the Sun is in that Part, there 
will be no dark Night. | | Eats 
| Euphroſ. Very good, Cleonicus; I apprehend you very 
well; but pray let me obſerve more nicely, how much of 
the Ecliptic is excuſed from that Boundary of Darkneſs. 
Cleon. This you will beſt do, if J bring the Beginning 
of Cancer to the Meridian below the Horizon ; and then 
you will eaſily ſee what Degree is cut off on each Side by 
the Wire. I have ſet the Globe; you, may make the 
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Obſervation, as I turn it about. | 
Euphroſ. I will; I obſerve the Ecliptic firſt touches the 
Wire on the Meridian, in the 2d Degree of Gemini on one 
Side; and in the 28th Degree of Cancer on the other ;— 
and I ſee by the Calendar, the Sun enters thoſe Points on | 
the 23d of My, and 22d of July; fo that for the Space 
.of 60 Days or two Months there is no dark Night, 
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AND LADY's PHILOSOPHY] a9 
leon. In the ſame Manner, if 2 regard any othas 


Point in the Ecliptic, and ſtick a Patch on it, you will, 


by turning the Globe, eaſily ſee when it touches the 


Wire; and conſequently, if you firſt bring the Patch tb 
the Meridian, and then fet the Index to XII, you may 
ſee what Time the Day dawns:in the Morning; and the 
Twilight ends in the Evening of that Day the Sun is in 
that Part of the Ecliptic. | . 53 2-8 
Eꝛußpbraſ. Let me try this; Suppoſe the Sun in the 
Vernul Equi non, on the 21ſt of March; Al bring that 
Point to the Meridian, and the Index to XII. Now 
I turn it Eaſtwards till it touches the Wire. when I 
obſerve the Index points to IV, the Hour when the Day 
begins to dawn. Again, I turn it Weſtward till it 
touches the Wire, and the Index ſhews the Hour of VIII, 


for the Time when Twilight ends on that Day.. 


Well! this is a very pleaſant Experiment, indeed 


Cleon. The like you may do for any other Day | === 


I ſhall only obſerve to -you, that ſince the Sun riſes and 
ſets on that Day at Six o'Clock, the Length of the Twi- 


light is then juſt two Hours. Fhus you may find the 
Length of the ſame for any other Day, by ſubtraRing 


from the Time the Twilight begins or ends, the Time 
of the Sun's Riſing or ſetting that Day. — For Inftance, 
let us take the 2d Day of March, when the Sun enters 
the 12th Degree of Piſces; and there putting the Pateh, 
bring it to the Meridian, and fet the Hour-Hand to XII; 


and then turning the Globe till the Patch touches the 


Wire, I obſerve the Index points to IV: 4 in the 
Morning for the Beginning, and to VII: 194 at Night 
for the End of Twilight. Now on that Day the Sun 
riſes at VI: 387, and ſets at V: 22, and the Difference 
of theſe Numbers from the former, is one Hour 57' for 
the Length of the Twilight; which you know is but little 
leſs than when the Sun is in the Equinoctial Point; and 
yet it is now the ſhorteſt of any in all the Year, except 


on the 12th of October, when it is exactly of the fame 


Lengtn. 1 en 23 
Euphreſ. This is a very curious Point. But, pray, 

how long is the Twilight on the ſhorteſt Day ? 
Clean. You will find the Twilight on the 21ſt of De- 

cember ends at V: 59', and the Sun then ſets at III: 47; 
Vo. II. E therefore, 


— 
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and 12; which is 15 longer than in the laſt Caſe when 
leaſt. ——And thus we have ſeen the Method of ſolving 
the Problems relating to the SUN on the CELESTIAL 
GLope, Wewill, the next Opportunity, proceed to the 
Problems of the Moon ; which I dare ſay, you will 
think for the moſt Part very pleaſant, and entertaining, 
But, in the mean Time, I ſhall make you a Preſent of a 
Map of the Solar Diſk, or Face of the Sun, for the 
Sake of giving you a clear Idea of the Spots or Maculæ, 
which ſo-often appear in the Face of the Sun, and deter- 
mine its Motion about its Axis; and though I have 
formerly ſhewn them to you through a Teleſcope, and 
you may have obſerved them ſeveral Times ſince; yet 
have you never fo nicely obſerved their Motions, and the 
various Mutations, or Transformations they undergo, as 
to form a right Judgment of theſe curious Particulars, I 
have therefore ſelected out of 26 Periods of their Motions, 
obſerved and publiſhed by the accurate Hevelius, One, 
(viz. the 20th) which is the moſt elegant of all, and 
beſt adapted for your Purpoſe, You will there ſee the 
Courſe which is taken by two different Sets of Maculæ, 
over the Face of the Sun; one of them below the Ecliptic 
DCA, and the other above it; both which you will 
eaſily obſerve, are oblique to the Ecliptic, and conſe- 
quently, in their Motions deſcribe Curves on the Sun's 
Face, ſomewhat like to the Parallels of Latitude, which 
you ſee on the terreſtrial Maps, the Axis of which Mo- 
tion is repreſented by the Line B CE, which is diſtant 
from the Axis or Poles of the Ecliptic F G, about 72 
Degrees, as you fee in the Salur Map. The Obſerva- 
tion of theſe Spots was begun in the Year 1644, and 
continued from the 3d to the 16th of May. Below the 
Ecliptic, the Spots obſerved were two, repreſented by 
4, e, which were but juſt viſible on the third Day; on 
the Eaſtern. Limb, or Margin. — On the fourth Day, 
they appeared as at the Figure 4. — The fifth Day, they 
were not viſible.— The ſixth, ſeventh, and eighth Days, 
they were ſomewhat increaſed in Bulk. — The ninth Day, 
not viſible.— The tenth, and following Days, the Spot 4 
is vaſtly increaſed in Bulk, with an irregular Atmoſphere 
about it, and a dark central Spot. — The other Maculæ e, 
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therefore, the Length of Twilight muſt then be 2 Hours 
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continued every Day much of the ſame Magnitude and 


Appearance; but on the fourteenth, it ſeemed to have a 


ſmall Atmoiphere, mingling with that of the large one. 


On the fifteenth and ſixteenth, as they were ſo near the 
Weſtern Limb of the Sun, their viſible Magnitude leſ- 
ſened till they diſappeared.— A great Variety of Trans- 
figurations may be obſerved in the Spots marked 6, c, a, 
in that Courſe. above the Ecliptic, on the ſeveral Days 
of the Month there repreſented by Figures. 15 „ 
Euphbroſ. I am obliged to you for this Piece of nice 
Inſtruction; I ſhall put it in a Frame with a Glaſs before 
it, that I may have this moſt wonderful and glorious 
Phænomenon always in my View. 1 1 


DIALO GU E VI., 
The Uſe of the CELESTIAL Giopz in a. Solution of 
_ Lunar PRoOBLEMs, or thoſe which relate to the 
Mation' and Phanomena of the Moox. 


| Zuphroſyne. 

Remember, when heretofore we talked of the Moon, 
you ſaid her Path, or Tract in the Heavens, was not 
in the Ecliptic, nor was her Orbit conſtantly the ſame, 
but always varying; how then can you ſhew the Pro- 
blems relating to the Moo on the GLosE ? 

Cleon. The Taſk of inveſtigating the Reaſon, or Cauſe 
of her various Motions, and framing a juſt Theory 
thereof, was, indeed, an arduous one; and reſerved for 
the great Genius of Sir {/aac Newton, But when once 
her Theory became eftabliſhed, it was eaſy to ſhew her 
Path, and her Place on the Globe, together with her 
Nodes, and their retrograde Motions, and the Solution of 
moſt other Problems of the Moon by a very ſimple and 
eaſy Contrivance, as an Appendage to the Globe. 

Euphraſ. Indeed! Pray, what and how is that? I 
long to know, — | 
Cleon. It is no more than a Piece of Silk Twiſt, with 


its two Ends ſo tied together, that, when put on the 
5 . Globe, 
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52 THE YOUNG GENTLEMAN 
Globe, it ſhall girt it very tight.—This is the Thing 
and when I put it upon the Globe, it will there repreſent. 


the Moon's Way. —- | 2 
Eupbroſ. But ſince the Moon's Orbit lies acroſs the 


Ecliptic, how can you tell where, and how to fix it? 


- Cleon. By an Ephemeris, (as Parker's, Weaver's, &c.) 
L can eaſily find the Place of the Nodes, or Points of the 
Ecliptic, in which the Moon's Orbit crofles it, for any 
— Time of the Year. By the ſame Ephemeris, I alſo 


nd the Latitude, or Angle which the Moon's Orbit 


makes with the Ecliptic for that Time; but this on the 
Globe may always be taken about 51 Degrees, without 
any ſenſible Error. Po 

Euphroſ. Well then, ſince it is ſo eaſy a Thing, pray, 
Cleomcus, put on the Silk Cord to repreſent the Orbit of 
the Moon, for the 14th Day of Auguſt, 1759. 

Cleon. I will-—here is Parker's Epbemeris for 1759, in 
which the Moon's Place and Latitude js ſhewn for every 
Day of the Month at Noon, and the Place of her Nodes 
for every fixth Day, as you ſee in thoſe Columns reſpec- 
tively.— Thus, on the 14th Day of Auguſt, the Moon's 
Place is in Taurus 8 109? : 13, —her Latitude is 4* : 14 
and her aſcending Node & in 5: 42 of Cancer az, and 
the defcending Node & is of Courſe in the oppoſite Sign 
Capricorn , therefore I put on the Silk Line upon the 


Globe, in ſuch a Manner as that it may interſect the 


Ecliptic in thoſe two Points. —Laſtly, at the Diftance of 
go Degrees on each Side the Node, I raiſe the String on 
one Side, and depreſs it on the other, till it is 51 Degrees 
diſtant; from the Ecliptic. — Thus, you ſee, the filken 

Path of the Moon repreſented for the 14th Day of Augu/t. 
Eupbraſ. I do, and with great Satisfaction, as it gives 
me the cleareſt Idea of the different Paths of the Sun and 
Moon through the Heavens. But ſince this is the Caſe, 
ho is it, that the Moon is faid in the Ephemeris to be in 
fuch a Degree of ſuch a Sign of the Ecliptic-? 

Cleon. This you muſt underftand is her Place, redueed 
from her Orbit to the Ecliptic, by a Line conceived to 


paſs through her Center to the Ecliptic, which is called 
a Circle ot Latitude; and this is done by the Ephemeris- 


Makers for every Day in the Vear.— Thus, for Inſtance, 
the ſaid Circle of Latitude paſſing through 102 : 13 of 
' | Taurus 
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Taurus &, will cut the ſilken String in a Point, which 
will ſhew the true Place of the Moon in her Orbit for 
that Day at Noon. n 42-04 M5; (5 bent 

Euphroſ. J underſtand you perfectly well; and ſo, I 
ſuppoſe, if I ſtick a Patch upon that Point, it will be a 
true Repreſentation of the Moon's Place, in order for 
the Solution of ſuch Problems as relate to her Riſing, 
Setting, &c. for that Day.—And therefore— -. 
Cleon. But hold, Siſter, one Thing ybu ſeem not to 
recollect, which is the large Space which the Moon 
deſcribes every Day in her Orbit, by which Means it 
becomes neceſſary to find her Place, not for the Noon of 
the Day, but for any Number of Hours, before or after, 
at which her Appearance is required, — Thus, for In- 
ſtance, ſuppoſing the Time of her Riſing on that Day 
was required, her Place muſt be ſought for about ſix 
Hours before Noon; and for the Time of her Setting, 
her Place muſt be ſought for {1x Hours after. 

Euphraſ. You do well to put me in mind of ſo neceſ- 
ſary a Point. I well remember, you ſhewed me, on 
the Orrery, that the daily Motion of the Moon was 
about 13 Degrees at a Mean, but in the Ephemeris for 
the propoſed Time, I obſerve, that the Motion of the 
Moon, from the Noon of the 14th, to that of the 5th, 
is 14%: 60. Therefore about a fourth Part of that Space, 
viz. 3: 16 muſt be added to her Place, the x4th Day at 
Noon, for her Place at Six in*the Evening, which will 
make 13: 29 of Taurus 5, where, I ſuppoſe, I may 
now ſtick the Creſcent-Patch. | ed 

Cleon. That will be the Place of the Moon for the 
Evening of that Day, and by Means of the Creſcent, 
which you have placed under her Orbit, juſt below that 
Point of the Ecliptic, you will find her Phænomena for 
that Evening, much after the ſame Manner you did thoſe 
of the Sun, in regard to its Riſing, Setting, South- 
ing, &c. | | 

Euphroſ. So I apprehend : — But let me try how ready 


I am at the Practice.—The firſt Thing I have to do, I 


ſuppoſe, is to rectify the Globe to the Latitude of the 

Place, — and then to bring, the Moon's Place to the 

Meridian. 3 | 
E 3 
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Clean.” By no Means, Siſter, — It is. the Sun's Place 
ou are to bring to the Meridian, and place the Hour 
— at XII, and thus it will be rectified for your 


Purpoſe. 


Euphreſ If I knew how to do the Thing, 1 ſhould 


not need a Tutor.—But I ſee the! Reaſon of it at once, 
now you have ſet me right. Well! let me proceed. — 
The Sun's Place I find in the Ephemeris for that Day at 
Noon is 219: 160 of Leo, which Point of the Ecliptic I 
bring to the Meridian, and there holding it faſt, I fix the 
Hour-Hand to XII, and thus it is rectified for that Day: 
Then I turn the Globe, *till the Index points to the 
Hour of VI. — But I fee no Moon above the Horizon, — 
Of Courſe, I turn the Globe *till the Creſcent comes 
into the Eaſtern Part of the Horizon, where it ſhews the 
Moon riſing at a few Minutes after X, upon the E. N. E. 
Point of the Compaſs nearly, and about 21 Degrees of 
Amplitude North.—Am I not ſo far right, Cleonicus ? 
Cleon. You are very near the Matter :—But if you 
would be very exact, you muſt make-ſtill more Allow- 
ance for the Moon's Motion for 10 Hours, inſtead of fix, 
which will carry her a little farther Eaſtward, and make 
her riſe ſomewhat later. 
Euphroſ. I ſee the Neceſſity of it, from what you have 
ſaid, and I was going to ſay, that] had nothing now to 
do but to bring the Creſcent to the Meridian; but I obſerve, 


that will take up 7 Hours Motion of the Globe, which 


added to the former 10, make 17 Hours, from the Noon 
of the former Day; cherefore 3 of the Moon's daily Mo- 
tion, or near 10 Degrees, muſt be added to her Place 
the foregoing Day, which will give the 20th. Degree of 
Taurus &, in the Ecliptic, for the Moon's Place in her 
Orbit juſt below, to which I muſt now remove the Creſ- 
cent; and having brought it under the Meridian, I ſee 
the Hour-Index points to about Half an Hour after Fi ive, 
for the Time of her Southing, on the 15th Day; and 
this, 1 obſerve, 1s confirmed ty the Time of the Moon's 
Southing in the common Almanac, prefixed to Parker's 
Ephemerts.—Then next, I obſerve, that in bringing the 
Creſeent to the Weſtern Horizon, there will be about 7+ 
Hours Motion of the Globe required, which muſt like- 
| Vile be allowed for in the Motion of the Moon, * 
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added to the former, make out the Motion of the whole 
Day, or 14 Degrees. And thus I find the Time of her 
Setting to be about One o'Clock on the 15th Day.— 
Hence alſo it appears by the by, that on the Day before, 
or 14th Day, the Time of her Setting was about Mid- 
day. | | 
Clem I am glad to ſee you are fo dextrous, my 
Enphroſyne, at the Solution of Lunar Prablems; and 
though they are not fo readily performed as thoſe of 
the Sun, yet are they, in their own Nature, more 
curious, and very eaſy, with a little Practice, by Means 
of the Ephemeris, and the moſt difficult Part is now 
over. In the Solution of theſe Sort of Problems, there 
is alſo greater Variety than in thoſe of the Sun; for 


here we may obſerve, that as the Moon's Orbit makes 


an Angle with: the Ecliptic, we enquire for the Lati- 
tude as well as the Longitude of the Moon, and you 
obſerve, ' in the ZEphemeris, that her Latitude, on the 


14th Day of Augu/t, at 12 o'Clock, is 4* : 14.— 


Euphroſ. Very good; I ſee it is; but what are thoſe 
numerous Lines croſſing the Ecliptic at right Angles 
all around the Globe, and others that run parallel to 


the Number of 8 on either Side, and what is their Uſe? 


Cleon. They are called by Aſtronomers the Zodiac, 
and they are drawn at the Diſtance of a Degree from 


each other, and thoſe which are perpendicular to the 


Ecliptic ſerve to meaſure the Degrees of Latitude in 
the Moon and Planets, none of which ever deviate ſo 
far as 8 Degrees from the Ecliptic ; and therefore, 
whereever the Places of theſe celeſtial Bodies are found, 
their Latitudes from the Ecliptic are by theſe Lines 
eaſily ſhewn ; as alſo the Longitude, and many other 
valuable Uſes are to be made of them, as we ſhall 
find in our future Practice, This Zodiac is one of the 


many great Inventions of the late Dr. Halley, and has 


about 20 Years ſince, been placed upon Mr. Senex's ce- 


leftial Globe, for rendering its Uſe more extenſive 


and perfect. | 
Euphroſ. This muſt be a very great Improvement 
of the Globe, as I myſelf am Witneſs ; ſince, by thoſe 
Lines, I ſee the ſame Latitude of the Moon expreſſed 
on the Globe, as I do in the Ephemeris; whereas, with- 
| p E 4. | out 


. RY PEI ofa 7. 8 SY 
—_— — CL — — ROS. — 
2 - — — 


e 
: 
: 
4 


e * . 4 2 


--+W 
218 

- 

, 

5 7 
bal 
* by 
g ” 
a 


ſometimes leſs than that of the Sun; and be ſometimes 


bring the Creſcent to the Meridian, and there find it 


can eaſily ſee, that the Declination of the Moon may 
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out thoſe auxiliary Lines, I could not have: known 
what her Latitude had been, without the Trouble of 
meaſuring it by the Degrees on a Quadrant of Altitude. 
I likewiſe ſee, at the ſame Time, what Latitudes 
correſpond to the Place of the Moon in every Part 
of her Orbit, or Diſtance from her Node, which muſt 
be a very great Satisfaction and Pleaſure to all Lovers 
of Aſtronomy. ; Ts 

Clean. By Means of the filken String, you will be 
enabled, at all Times, to obſerve the Declination of 
the Moon from the Equinoctial Line, which will be 


North, when that of the Sun is South, and vice verſd. 
Eußphroſ. Well! let me enquire what the Declination 
of the Moon is for the 14th Day of Augu/t at Noon. 


under 11: 40, which therefore is the Neclination for 
that Time.—Indeed, by this artificial Lunar Orbit, I 


be ſometimes five Degrees greater, and ſometimes ſo 
many Degrees leſs than that of the Sun.—lI alſo ſee, 
that her Declination may be North, while her Latitude 
is South, and the Contrary ; and were the Lunar 
Orbit to interſect the Ecliptic in the Equinoctial Points, 
it would cauſe the Moon to appear much nearer our 
Zenith, at ſome Times, than ever the Sun has been 
ſeen; and to ſhew her but at a ſmall Diftance above 
the Horizon at other Fimes: And ſuch Appearances 
of the Moon I have really ſeen, and wondered, at the 
ſame Time, how it came to be ſo; nor do I yet fee + 
the Reaſon plainly, unleſs I can ſuppoſe the Nodes of 
the Moon's Orbit to change their Places, and at Times 
get into the Equinoxes. | 
Cleon. You have now hit upon the very Thing that 
cauſes ſuch a pleaſing and wonderful Variety in the 
Lunar Phænomena.— The Nodes of the Lunar Orbit 
are not fixed, but conſtantly in Motion in a retrograde 
Manner; i. e. they go backward, or contrary to the 
Order of the Signs, and at ſuch a Rate, as to be every 
Year 20 Degrees more backward in the Ecliptic than 
before. This you may be eaſily convinced of by the 
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firſt Day of Jantary, for the prefent Year, 113 58) was in 
15% 51“ of Cancer, and through every Month of the 


bar it retrogrades, till the laſt Day of December, it is 


found in 29® : 300 of Gemini; and thus, in the Space 


of about 184 Vears, the Nodes go backward through 


all the Points: of the Ecliptic, and conſequently, once 
in that Time the aſcending Node will be in the Begin- 
ning of Aries, and ſhew the Moon nearer to, or farther 
from our Zenith, by 5 Degrees, than ever the Sun ap- 
pears; but, when it poſſeſſes the autumnal Equinox, 
the Contrary will happen; and there are few Pane 
that live to the Age of 30 or 40 Years, but what muſt 
remember to have ſeen this Variety of Lunar Altitudes, 
as they happen ſo remarkably different, in the Space of 
little more than nine Vears. 

Euphroſ. 1 ſhall not trouble you with it now, Cleonicus, 
but, for my own Amuſement at leiſure Hours, I ſhall 
put this Lunar Orbit into all its different Poſitions, with 
regard to the Ecliptic, to fee from thence all the Vari 
of Appearance that can arife, with regard to her Alti- 
tudes, Riſing, Setting, Sc. 

Cleon. Now you talk of her Riſing and Setting, I muſt 


obſerve to you, that there will be ſomething peculiarly 


ſtrange and entertaining reſult from your Experiments of 
that Kind; eſpecially, if you enquire how theſe Phæno- 
mena will be circumſtanced, in regard to the different 
Parts of the Earth, by rectifying the Globe to many dif- 


| ferent and extreme Degrees of Latitude. One Phz- 


nomenon of this Kind you have heard much talk of, 
uſually called the Harve/f!-Moon, and ſometimes the 


Shepherds, and the Hunters-17on ; which, if you remem- 


ber, I told you I ſhould reſerve for an Explication, till 
I came to the Uſe of the celeſtial Globe; this being 
the only Inftrument by which it can be naturally repre- 
ſented and clearly underſtood. 

Euphroſ. Nothing will be more grateful to me, than 
the Explanation of a Phænomenon I have ſo long deſired 
to underſtand, and which is looked upon almoſt as a 


Prodigy among Country People. 


Cleon. As much as chis bas amuſed and ſurpriſed many 
People, and as prolix and tedious as ſome Diſcourſes have 
been to explain it, you will find that there is nothing 

ſtrange 


— 


at leaſt. to the Apprehenſion of the Fair Sex. 
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ſtrange or wonderful in the Nature of the Thing itſelf, 
and that it requires but very few Words to explain it, 
or 
this Purpoſe, take your Globe, and rectify it for the La- 
titude of England, and turn it about, *till the two equi- 
noctial Points are in the Horizon, the Vernal Equinox in 
the Weſtern Part, and the Autumnal Equinox in the 
Eaſt. 1 | * | f 
Eupbroſ. This I have done; 


and what tis 


then? | 


Clean. You will then obſerve, that the Ecliptic has a 
great Elevation above, or makes a very large Angle with 
the ſouthern Part of the Horizon, viz. about 62 Degrees. 
Now turn the Globe about, ſo that the Equinoctial Points 
may interchangeably poſſeſs the ſame Parts of the Horizon 
as before, i. e. the Autumnal Equimex in the Weſtern 
Point, and the Vernal Equinox in the Eaſtern Point. 
- . Eaphroſ. This is eaſily done; — and I gueſs what you 
have next to tell me. Is it not to obſerve how ſmall 
the Angle is which the Ecliptic now makes with the 
Horizon? | Us 
Cleon. That is the very Thing, my Euphroſyne; for 
on theſe two different Poſitions of the Ecliptic, with 


reſpect to the Horizon, the whole Affair depends, which 


we ſhall render more eaſily to be underſtood, by exem- 
plifying this Matter in the following Manner.—In the 
frſt Caſe, ſuppoſe there was a full Moon on the Day of 
the Vernal Equinox, — then I bring the firſt Degree of 
Aries to the Meridian, and ſet the Hour Index at XII. 
J turn the Globe, *till that Point touches the Horizon, 
and ſhews the Sun Setting therein ;—then you will eaſily 
underſtand, that the Full Moon is in the firſt Point of 
Libra, and riſing in the Eaſtern Point of the Horizon, 
and juſt at Six o'Clock: 

Euphroſ. All this I perceive very plainly. What am I 
to obſerve next ? 7 | 
Cleon. You will now recollect, that ſince the Moon 
moves in one Day about 139, therefore the next Day at 
Night, at Six in the Evening, the Moon. will be ad- 
vanced to 13 of Libra; and therefore, to ſhew her 


Riſing in the Horizon, the Globe muſt be turned about, 


till that Degreę of Libra appears in the Horizon. 
then 
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then look at the Hour-Index, and you will-ſee it point te 
16 Minutes paſt VII. Whence you obſerve, the Time 
of her Riſing is one Hour and a Quarter later than on r 
Equinoctial Day, or Evening before. 

—— All this is very eaſy; and I preſume you are 
next to ſhew the ſame Thing, or the Difference in the 
Time of her Riſing for the other Equinoctial Day. 

Cleon. You rightly judge of my Intention. I bring the 
Point of Libra, which the Sun is ndw ſuppoſed to polleſs, 
and place the Index to the Hour of XII-—Then turning 


the Globe, I bring that Point to the Weſtern Point of the 


Horizon, to ſhew the Sun there ſetting, with the Index 
pointing to VI. Then in the Eaſtern Point of the Ho- 
rizon, the Moon is riſing, at the ſame Time, in the firſt 
FEoint of Arie. Then, fan the Moon will, by Six 

o' Clock the next Evening, have advanced 13 forward, 
I muſt turn the Globe, till the 13* of Aries riſes ;—and 
I turn it, you ſee, but a very little before the Moon 
appears; for look at the Index, and you will ſee it point 
out the Time of her Riſing, which is but about 22 
Minutes after VI. 

Euphroſ. The whole Thing is now unravelled—By 
this Experiment, I at once fee the Nature of this Phæ- 
nomenon.— The ſmall Angle which the Ecliptic now 
makes with the Horizon, is the Reaſon why ſo ſmall a 


Motion of the Globe is neceſſary to make the Moon riſe 


after the ſetting Sun. — But 22 Minutes Difference in 
Time now, and 76 in the former Caſe.— Hence it is 
very evident, that for ſeveral Nights about the Autumnal 
Equinox, we are no ſooner bereft of the Sun-Beams, but 
the Moon illumines the Sky with her filver Ligbt.— 
The centrary of all which muſt happen at the Vernal 
Equinox, where fo large a Space muſt intervene between 


the Setting of one Luminary, and the Riſing of the other; 


and conſequently, I am fully fatished from hence, why 
thoſe lightſome, pleaſant Evenings ſhould occaſion the 
forementioned Appellations of the Moon, as being ſo par- 
ticularly ſerviceable to Shepherds, Sportſmen, and People 
in the Harveſt-Field.- yrs J farther obſerve, that this 


| ſmall Difference of Time between the Setting of the Sun 


and the Riſing of the Moon, in the autumnal Seafon, 
will be Hill farther leſſened, when the Nodes of the Mon 
i 5 are 
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ure in the Equinoctial Points, i. e. when the aſcending 


Node poſſeſſes the firſt Point of Aries; for then the 
Moon's Orbit will be moſt oblique to the Horizon, or 
make the leaſt Angle with it. 

Cleon. Your Readineſs in apprehending the Reaſon of 
theſe Phænomena, ſuperſedes the Neceflity of ———_ 


longer upon this Subject. 
Your _ Exerciſe will be the Planetary Priicis; which. 


. wil afford you ſuch Inſtruction, as will be attended with 
leafar, 


equal P re and Uſe, and be a convincing Proof, how 
neceſſary a Part the celeſtial Globe muſt be of an Ap- 
ratus for the Education of young Genel and 


Ladies. 


DIALOGUE VII. 


The Uſe of the CaLESTIAL GLOBE, in the Solution 
PrRoBLEMS relating to the PLANETS and Co- 


METS, Rennes in that which lately appeared. 
HE preſent Hour, my Euphroſyne, is deſtined * 

T your farther. Inſtruction in the Doctrine of practi- 
cal Aſtronomy. You know full well how uſeful the 
Celeſtial Globe is, in the Reſolution of ſuch Problems as 
relate to the Sun and Moon; and you will now find it 
very eaſy to apply that excellent Inſtrument, in the ſame 
Manner, to ſolve all ſuch Queſtions as relate to the Pla- 
nets and Comets. 

Euphroſ. I make na Doubt but I ſhall ; ; and it is a par- 


ticular Pleaſure to find, that Problems of ſo ſublime a 
Nature, admit of a Solution with ſuch great Facility by 


Cleonicus. 


the Globe. The happieſt Invention ſure that ever Man- 


kind was bleſt with! And it is no Wonder, pou we 
ſee thoſe noble Inſtruments in the Study of eve 
tleman and Lady of Taſte. With regard to the _ 


I preſume, there will be no great Difficulty ; but how 


ou are to inculcate the Uſe of the Globe for the Comets, 
1 quite at a Loſs to gueſs, as I have ſcarcely ever 
heard ſuch a Thing, or ever find the Mention of it in thoſe 
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Authors you have recommended me to read upon the 
. „ 
Clon. Never fear, my Euphroſyne, - though the 
Subject be new, it is not difficult; and you may have 
the Pleaſure of being the firſt of your Sex, to enjoy 
the Benefits of the Praxis on Cometary Aſtronomy. The 
Comets are, properly ſpeaking, no other than a very 


large and numerous Claſs of Planets, whoſe Motions, . 


performed in the Heavens, I have already explained to 
you; and it is the Glory of the preſent Age to have the firſt 
and fulleſt Confirmation of this new Species of Aſtrono- 
my confirmed, as we may ſay, by Experiment. I mean, 
by the Return of that Comet, which I formerly told you 
was expected, and which, during the Month of May 
laſt, (17 58) made its Appearance above qur Horizon, ac- 
cording to the Time calculated, and predicted by the late 
reat Dr. HALLE. | | 8 32:4 
Euphroſ. The Novelty, as well as the Uſefulneſs of 
ſuch a Subject, muſt give the higheſt Pleaſure to every 
young Tyro in Aſtronomy. he Return of a Comet 
has a Sound, great as the Event itſelf; and if I can 


be fo happy, as to underftand by the Globe the ſeveral 


Appearances of ſuch a wonderful Phænomenon, in 
its Paſſage through the viſible Part of our Syſtem,” it 
will be the Completion of my higheſt Expectations. 
But, I ſuppoſe you will begin with' the Planets 

firſt. 19 | | „ 
Cleon. Yes ; but that will prove a ſhort and eaſy 
Taſk, as you have been already inſtructed in the Man- 
ner of finding the Places of the Planets for any given 
Day in the Ephemeris; and likewiſe, at the ſame Time, 
the Manner of finding their Places in the Heayens, by 
an artificial Planetarium *, and their Poſitions and Af 
peas with reſpect to each other. The Uſe of the Globe 
for this Purpoſe is only for the Sake of Variety, and 
ſhewing the ſame Things, if poſſible, in a more natural 
and eaſy Manner, The firſt Thing, therefore, that 
I ſhall enjoin you is, to take your Paper and Patches and 
your Ephemeris, and lay them before you on the Table 
by the Globe. Then find each Planet's Place ſepa- 
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raly, for the firſt Day of October next. Then ſtick 4 


Patch on each Planet's Place in the Ecliptic, denoting 
And, laſtly, rectify the 


Globe for the Hour of X, in the Evening of the afore- 


ſaid Day . 


Euphroſ. This Problem, I ſee, conſiſts of four Parts, 
to each of which I ſhall readily addreſs myſelf. — 
Here are the Patches, in the firſt Place ; and here 
alſo the Part of the Ephemeris. Now, let me ſee 


for October, the iſt Day; I obſerve, in the Column of 
Saturn Retrograde (R). I find his Place is 105.2 36 of 


Piſces (). his Place I find in the Ecliptic 
on the Globe, and there I ſtick a large Patch ——— 


So far Jam right, with regard to this Planet, Cleonicus. 


© Clean, I ſee you are extremely ready at finding the 
Planets Places. You want none of my Inſtructions, 


but may proceed in the ſame Manner to find the Places : 


of all the Reſt on the Globe. 

Euphroſ. In the next Column, I find; Jupiter * 
poſſeſſes 13* : 38 of Capricorn v5, and becauſe he is 
the largeſt Planet, I ſhall put a Patch of the, __ Size 
on that Point of the Ecliptic on the Globe. In 
the following Column, I find Mars & in 90: 29 of 
Leo; in which Part of the Ecliptic on the Globe I 


ſtick a ſmaller Patch. — In the next Place, Venus 9, 
I obſerve, in 12® ::31” of Scorpio; where I ſhall place 
a Patch one Site larger.—— And laſtly, ' the little 


puny Planet Mercury >, is juſt entered the 229 of Virgo. 
On the firſt Minute of that Sign, therefore, I place 
the ſmalleſt Patch; and thus, I think, Cleonicus, we 
have brought down all the Planets from the Heavens, 
and conſigned them to their proper Places on the Sur- 
face of the celeſtial Globe, for the Time appointed. 
Clean. You have performed this Part very accurately 
indeed. —Your next Buſineſs now is to 9 the Globe 
for the given Day. 
Eupbroſ. This is I can ſoon do. I elevate the 
North Pole to 514 in the ſirſt Column for October, 
againſt the 1ſt Day, I ſee the Sun's Place in 7: 58 of 
Libra, on which Point of the Ecliptic I ſtick a round 
Piece of red Paper, to denote the Sun, and bring it 


do 


— 
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to the Hour of XII, —and thus the Globe is rectiſied 


as. you require. 


8 "Clem. It is ſo.— And now nothing remains but to turn 
5 it round, *till the Index points to the Hour of X at. 
£4 Night, and then you will ſee which Planets are viſible 
above the Horizon, and which are not; alſo the Time 
5 when they rife, culminate, ſet, *&c. when they may 
% be ſeen with a Teleſcope, and when not; with many 
other uſeful Particulars. e e 
p Euphroſ. That is done. And now I obſerve the 
p largeſt Patch at the weſtern Part of the Horizon, which 
| ſhewsFupiter near ſetting at that Time. The next larger 
q Patch, I ſee, is a little on the Eaſt-ſide of the Meridian; 
| by which I am informed, that the Planet Saturn is, at 
8 that Hour of the Night, nearly South; but, as for the 
| reſt of the Patches, I ſee none above the Horizon, by 
f which J am ſatisfied they are all inviſible below for that 
. Time of the Night. I learn from hence, that Saturn 
then is in the beſt Situation to be obſerved by the Te- 
ö | leſcope ; and that Jupiter will be too low in the Atmo- 
1 ſphere, and too near the Horizon to be well obſerved, 
| even 1 o Clock. — I move the Globe to bring Jupiter 
f on the Meridian, and it ſhews him full South, at Half 
an Hour after VI, on that Day; at VII nearly, I 


ſee the Planet Venus ſetting, —and the Planet Mercury 
riſing at Half an Hour after XII. — The Planet Mercury 
riſes about V, a little before the Sun. And thus I 
am inſtantly ſatisfied of the Appearance of thoſe Planets 
for that particular Time; and can eaſily find them for 
any other. W hat is there farther to be done in the 
planetary Praxis? | 1 
Cleon. Nothing material. One Thing only may be 
obſerved, that their Orbits do not coincide with the 
| Ecliptic ; yet, as they deviate to ſuch ſmall Diſtances from 
It, it is not worth while to conſider it in Practice, as it 
makes no ſenſible Difference on the Globe *. We 
| a therefore 


** —— 


* But leſt any of our Readers ſhould have the Curiofity of 
performing theſe Problems according to the preciſe Truth, and 
would chuſe to repreſent their Orbits by a ſilken String, or 
Thread, as was directed in the Cafe of the Moon; it will be 
| | | | neceſſary 
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therefore next proceed to the Comet, and your Buſineſs 


now will be to learn, how you trace the Courſe of a Comet 


through the Heavens, on the Surface of a celeſtial Globe, 
and to ſhew the ſame, during the whole Time of its 
Appearance. Of this you will have an Example, ſuffi- 
ciently noble and inſtructive, in the Comet which lately 
made its Appearance. This Comet was ſeen at Bo/ton 
in New-England, in the Months of October and November, 
1758, in its Return to the Sun, when the Orbit of the 


Comet was but a ſmall Diſtance from that of the Earth, 


in the Part where they obſerved it; after which, it ap- 
proached ſo near the Sun, as to be loſt in its Beams for 


ſome Time, till after paſſing the Peribelion, it became 


again viſible in its retrograde Courſe from the Sun, towards 
the latter End of March; when it was ſeen, and obſe rved 
by many Gentlemen in the West- Indies, and particularly 
by Mr. Braun at Jamaica, it was obſerved, during the 
whole Month of April, and Part of May, whoſe Latitude 
rendered it viſible to him, while it was for the greateſt 
Part of the Time inviſible to us, by reaſon of its ſouthern 
Courſe through the Heavens. This Gentleman has given 
us an Obſervation on the Comet, on the 31ſt of March, 
by which you will eaſily find its Place in the Heavens, 


on the Surface of the celeſtial Globe. But firſt, vou 


muſt rectify the Globe for the Latitude of Jamaica, 
which is 179: 30“, as you will hereafter ſee on the ter- 
reſtrial Globe. | 
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neceſſary to give here the Place of the Nodes, and Inelination of 
the Orbit for each particular Planet for the preſent Time, 
as below. | | | 5 
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10 the Meridian, and fix the Index to XII. 
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Eapbroſ. As you give me the Latitude, I can as well 
rectify the Globe for the Latitude cf Jamaica, as for that 
of Breland. Therefore I bring 17“: 30 to'the,Hori- 
zon, which ſhews the Elevation of the. Pole for that 


Place. Then on the 31ſt of March, I ſee, the Sun's 


Place is in 10%: 29 of Aries Y, which, therefore, I bring ! 
Thus it 
—What i is to 


is rectified for the Noon of that Day. 
be done next, Clennicus? 


Cleon. At Five in the Morning, that Gentleman ob- 


ſerved the Comet's, Altitude was 229: 50, and its Azi- 
muth 71 8. E.—By this, you will readily enough find its 
Place on the Globe, from what you have already learned. 

Zuphroſ. I believe I ſhall be able to aſſign its Place 
with a little Re collection. The Time was Five in 
the Morning; therefore, I muſt turn the Globe about, 
till the Index points to the Hour of V. In the next 
Place, the Comet's Azimuth, it ſeems, was 712 from the 
South towards the Eaſt. This requires the Quadrant 
of the Altitude to be fixed in the Zenith, — which I 
have done. Then I bring the ſaid Quadrant to cut the 
Horizon in 71 from the South Point; and laftly,. ſinee 
the Altitude of the Comet was then 22 50”, under that 
Point in the Quadrant, will be the Comet's Place, where 
of Courſe I muſt ſtick a Patch to repreſent it: And 


1 think I am ſo far right. 
Cleon. You axe, my Euphroſyne, right! in every Parti 


cular but One. Vour Comet has got no Tail; but 
that we ſhall diſpenſe with for the preſent. Lou have 
juſtly aſſigned its Place for that Time, which you'll ob- 
ſerve to be in the Zodiac, with about 35 N. Latitude from 
the Ecliptic, and in about the 27% of Aquarius. Now, 
ſnew me the Time that it roſe in the Horizon of; Great- 
Britain, on the aboye- mentioned Day. 

Eupbreſ. That I ſhall inftantly do. The Globe is 
now elevated for the City of ee next bring the 


Comet to the weſtern Part of the Horizon, and find it 


there between Two and Three o' Clock in the Afternoon; 
therefore it could not be ſeen in the Evening. Next, 
bring it to the eaſtern Horizon, and then obſerve, the 
Index points to 45 after I[I,—— This, therefore, was the 
Time of its Riſing that Day. But, pray, how came 
ve. 1, - © F the 
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the Britiſh Aſtronomers not to obſerve it, of mention its 


being ſeen at that Time in England? 

Cleon. This I cannot eafily account for, unleſs it was, 
becauſe the Sun was near the Horizon, and cauſed a 
Twilight, or Dawn, too ſtrong for it to be obſerved; as 
likewiſe, the Vapours of the Atmoſphere might be another 
Reaſon for rendering it incapable of being ſeen; but it 
was quite otherwiſe in the Latitude of Jamaica, where 
the Comet was high, the Sun much below the Horizon, 
and the Morning dark at the Time of obſerving it. Vou 
have thus found one Place of the Comet, ad by finding 
one other, you will be able to repreſent the Tract which 
is deſcribed in the Heavens between botn. | 

 Euphroſ. For that Purpoſe, I ſuppoſe, it will be ne- 
ceſſary, that you mention the like Obſervation made on 
the Comet at ſome other Time, and Place. 

Cleon. That is a Point certainly neceſſary, and T ſhall 
give you my own Obſervations for that Purpoſe, which 
were accurately made the 6th Day of May, at Ten in the 
Evening, by meaſuring its Diſtance from two Stars in the 
Back of Hydra, which you ſee marked with the two Greek 
Letters „ and y, and by an Azimuth Quadrant, its Al- 
titude was found about 169, and its Azimuth 3798. W. 
from whence you will eaſily find its Place on the Globe, 
as in the foregoing Caſe. | 

Euphroj. I ſhall immediately ſet about it. I elevate 
the Pole to the Latitude of London. The Sun's Place, 
on the 6th of May, is 152 : 35, which I bring to the 
_ Meridian, and ſet the Index to XII. Then I revolve 
the Globe, *till the Index points to X at Night. 
The Quadrant of Altitude being fixed for the Zenith, I 
bring it to the 372 in the Horizon, from the South to- 
wards the Weſt. And, laſtly, under the 169, on the 
Edge of the Quadrant, I put a ſmall Patch, which muſt, 
- preſume, repreſent the Place of the Comet where you 
aw it, os is 

Cleon. It will fo, as nearly as any Thing can be done 
en the Globe: — And you obſerve the Patch is but a little 
above the two Stars juſt now mentioned. 

Euphreſ. J ſee it very plainly : But how am I to draw 
the Path of the Comet after all this ? 
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Cleon. You muſt know, that the apparent * Path of the 
Comet through the Heavens is pretty nearly a great Circle 
of the Sphere; and therefore, as you have two Places of 
the Comet repreſented on the Globe, by the two Patches, 
if you bring the Centers of both thoſe Patches nicely 
into the Horizon, you may, with a Pencil, draw a Line 
from one Patch to the other by the Horizon, and that 
will tolerably well repreſent the apparent Place of the 


Comet, from one Time to the other; that is, from the 


3ift of March to the 6th of May. 


Euphroſ. This I will endeavour to do: By raiſing and 


deprefling the Pole, and adjuſting the Patches towards 
the Horizon, I find the Problem not very difficult. — 
] have, at length, brought them nicely to coincide ; one 
in the eaſtern, and the other in the weſtern Part of the 
Horizon. From the eaftern Patch, I draw a Line by 
the Frame of the Horizon to the weſtern Patch, and it 
ſhews a vaſt Tra& of the Heavens, through which the 
Comet paſſed in fo ſhort a Time, viz. more than 150%, 
which ſhows the Motion of the Comet to have been very 
quick; and I obſerve, it paſſed through the following 
Conſtellations in its Way, viz. by the Tail of Capricorn, 
the Tail of Piſcis Auſtralis, by the Head of Indus, the 
Neck and Body of Pavo, through the Neck of Apus, below 


Triangulum Auſtralem, above Muſca, by the Lowermoſt 
of the Crofters, 'a-croſs the Hind Legs, and through the 
Tail of Centaurus; from thence between the two Stars 


in the Back of the Hydra before-mentioned ; after this, 
it paſſed on to Sextans Uraniæ, and then to the Ecliptic, 
near Cor- Leonis, after which, you can better tell what be- 
came of it than myſelf, „„ 

Cleon. Your Performance is excellently good, my 


Fuphroſyne. Through thoſe very Conſtellations, Mr. 
Brown obſerved it to paſs from Day to Day, during the 
Month of April, as appears by his Letter, containing the 


Obſervations which he made, and are now publiſhed 
for the Satisfaction of the curious f. — You will: eaſily 


—— ” 
a 


: * See the Print of the Comer's Parh, taken from the Globe, 
in the Magazine for the Month of May, 1758. 


t See the Beginning of the Miſcellauy for the laſt Month. 
2 obſerve 
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obſerve from the Whole, that the South Latitude of the 
Comet being ſo very great, appears now to be the Reaſon 
why we in England could not ſee it in that Month; and 
that it was juſt about the Beginning of May, when it 
emerged again above our Horizon; after which it regaled, 
our Eyes with a faint Appearance, till towards the latter 


End of that Month, and gradually diſappeared by its 
diſtant Receſs. Thus much will be ſufficient for 


giving you an Idea of the Manner, in which the various 


Lhenomena of Comets may at any Time be repreſented on 
the Globe : Beſides which, and the Cometarium heretofore 
deſcribed, you may ftill receive a much clearer Inſight 
into the Nature and Motions of a Comet, by conſulting the 
ſeveral Prints which have been publiſhed, with regard to 
the preſent Comet, and particularly that, in which the 
Orbit of the faid Comet is elevated, and its daily Motion 
marked out, together with the Ecliptic, divided into all 
the Months and Days of the Year, which now you are 
very well qualified thoroughly to underſtand $. There is 
yet a farther Uſe of the celeſtial 'Globe, that will afford 
you ſome Amuſement ; at leaſt it will be neceſſary, that 
a young Lady of your Taſte ſhould not be unacquainted 
with it; I mean, the Solution of thoſe Problems, which 
relate to the Stars, which I intend for the Improvement 
of the next Opportunity. | 55 
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The Us E of the CELESTIAL GLOBE, in the So- 


LUTION of PROBLEMS relative to the STARS. 


Fs - Zupbroſyne. 
F Cannot help thinking, whenever I caſt my Eye on 
the Celeftial Globe, but that it is an amazing Effect 


of Art. He muſt have had a very happy Thought, who 
83 | could 


; t The Prints, here referred to, are a View of ib SOLAR 
SYSTEM and ORBIT of the COMET ; with its proper Elevation, 
truly repreſenting all its Appearances for any Part of the i et 
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could firſt contrive to repreſent, in ſo natural a Manner, 


the vaſt expanded Canopy of the Heavens, with. all its 
reſplendent Furniture, in ſo ſmall a Compaſs as the Su- 
perſicies of an artificial Globe. I have but one Objection, 
or rather, but one Thing to remark, and that is concern- 
ing the Form of the Globe. The Surface of the Globe 
is convex; and that of the Heavens concave; how then can 
one be an adequate Repreſentation of the other? 

_ Clean, This is very ingeniouſly obſerved, my Euphreſyne; 
but you will ſee the Anſwer is very eaſy. - There is no 
Difference, in Reality, between the convex and the con- 
cave Surface, any more than what the Metaphyſicians call 
Modal, and only exiſts in the Form; the optical Effect 
of viewing any Thing, upon a convex or concave Sur- 
face, is the fame to an Eye, placed in the Center thereof: 
Suppoſe, for Inſtance, you had a Sphere of Glaſs, and 
our Eye was placed in the Center, it would be the ſame. 
Thing, if the Stars were marked with a Diamond on 
the external or internal Part of the Surface, i. e. on the 
convex or on the concave Side; and it is the fame 
Thing, in regard to the artificial Globe, to an Eye on the 
Outſide of it. For, if that Globe was to have Holes 
pierced through the ſeveral Stars, and the Globe properly 
rectified for a given Time, an Eye, placed in the Center, 
would view the Stars in the Heavens through thoſe Holes 
reſpectively; each Star in the Heaven anſwering to its 
Repreſentative on the Globe; and therefore the Longitude, 
Latitude,' and other Aﬀections of the Stars, may all be 


determined by Means of the Apparatus to the artificial 


Globe, and made to correſpond exactly with what we 
obſerved in Nature, or in the Heavens themſelves. 
Euphrof, You take a good deal of Pains to inform my 
unexperienced Judgment in Things of ſo ſublime a Na- 
ture: But to come to the Point: Is there any Difficulty, 
ariſing from any different Methods in ſolving Problems, 
relating to the. Riſing, Setting, Southing, &c. of the 


— 


1 W . 


The Print of the Comet in the Magazine for the Month of 
May, 1758; and the Print, which we gave to illuſtrate Mr, 
Brown's Letter in the laſt Magazine. 

See alſo the- large PRINT, intituled, The Wox ERS of the 


CourrTary WorLD diſplayed, c. 


F 3 Stais, 
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Stars, more than what you have already ſhewn me, in 


regard to the Sun, Moon, and Planets ? 
Cleon. Very little, my Euphroſyne ; for which Reaſon 
we ſhall ſoon diſpatch that Affair. You have already 
been ſufficiently taught the Doctrine of the Sphere, and 
the Uſe of the ſeveral Circles, particularly the Circles of 
= Latitude, which belong to the Ecliptic; and therefore 
bid will here need no farther Deſcription ; and, I dare ſay, if 
11] 33 you to aſſign me the Latitude and Longitude, 
itt the Declination, right Aſcenſion, the Time of Riſing, 
1 Southing, Cc. of any particular Star, you will not need 
| my Aſſiſtance for that Purpoſe. For Example, you may 5 
try your Skill with the Star Arcturus; one of the moſt i; 
remarkable Stars of the firſt Magnitude, in the Skirts = 
of Biotes. 5 n 
Euphroſ. 1 am proud of the Taſk you have ſet me, and 
will give you a Proof of my Proficiency jn the beft 
Manner I can. The firſt Thing I have to do, I am 
aſſured, muſt be to rectify the Globe for this Place; and 
ſince a Star is the Subject, and can be ſeen only at Night 
therefore ſome Hour of the Night muſt be ſuppoſed, 
which ſhall be Ten o'Clock this yery Evening. And 
now the Globe is rectified for that Time. And here, I 
ſee, Bzotes, with his Courſers, and conſequently, that 
bright Star Arcturus.—— I remember you told me, if I 
brought the Pole of the Ecliptic to the Meridian, and 
fixed the Quadrant of Altitude over it; then, if I laid 
the Edge of the Quadrant upon the Phenomenon, (whether 
the Sun or Star) it would give me the Longitude, or Place 
thereof in, or reduced to the Ecliptic.——By doing this, 
I find the Longitude of Arcturus is about 209 of Libra; 
or 200 from the 1ſt Point of Aries; and that its Lati- 
tude from the Ecliptic is about 30%,——Again, if I bring 
the Star to the Meridian, I obferve its Diſtance from the 
Equinoctial Line is about 209: 28“, which is its De- 
clination Northward.— At the ſame Time, I obſerve 
the Meridian to cut the 2119: 9, which is therefore the 
right Aſcenſion of Arfurus, 5 
[i Cleon. Admirably well, my Euphroſyne.—Now for the 
j | | Time of its Riſing, Setting, and Southing, for the preſent 
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look for the Day of the Month on the Horizon, againſt 


which I ſee 16% : 30' of Leo, the Place of the Sun this 


Day at Noon, which Point of the Ecliptic I bring to the 
Meridian, and ſet the Hour Hand to XII. Then I 
turn the Globe, *till Arcturus appears in the eaftern 
Horizon, and then the Index points out the Time of his 
Riſing, viz. IX o'Clock this Morning. —I bring this 
Star tothe Meridian, and the Index pointing to V in the 
Afternoon, ſhews that to be the Time of its Southing, 
— Laſtly, I turn the Globe, *till Arcturus is in the 
weſtern Horizon, and the Index pointing to II, gives the 
Time of its Setting To- morrow Morning. The 
Amplitude of its Riſing is near 348 to the North; and 
ſo much is the Amplitude of his Setting of Courſe. _ 
Cleon. You are ſo ready in the Praxis of the Stars, that 
I have little more to obſerve to you on that Head. It 
may not be amiſs, however, to hint to you, that, when 
a Star is ſituate between the Ecliptic and the Equinoctial, 
its Latitude may be of one Denomination, and its Decli- 
nation of another; thus, for Inſtance, Aldebaran in the 
Bull's Eye, has South Latitude and North Declination, 
Another Thing I may obſerve to you, and that is; 
there is a Sort of Poetical Aſtronomy with regard to the 
Stars; or, there is what we call the poetical Riſing 
and Setting of the Stars, which was much taken Notice 
of by the antient- Poets, Hiſtorians, and Huſbandmen, 
(which you will readily obſerve in the Writings of He- 


fd, Homer, Ovid, &c.) as it was the principal Method, 


by which People, in that Part of the World, and in thoſe 
Days, diſtinguiſhed the Changes and Diverſity of the 
Seaſons, Of theſe Riſings and Settings, there were three 
Kinds, as follow. Firſt, the Cœſmical Riſing of a Star, 
which is, when it riſes with the Sun; but the Coſmical 
Setting is, when it ſets at the Time the Sun riſes, Se- 
condly, the Acronical Riſing of a Star is, when it riſes at 
the Time the Sun ſets; and the. Acrpnical Setting is, 
when it ſets with the Sun. Thirdly, the Heliacal Set- 
ting of a Star is, when it approaches ſo near the Sun, 
as to diſappear in its Beams; and when it emerges from 
its Beams, or again bedomes viſible, then it is ſaid to riſe 


Heliacally. 
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7 THE YOUNG GENTLEMAN 

But theſe Things we ſhall illuſtrate hereafter. -'To be 
farther" infiſted upon at preſent would be mifpending of 
Time, and though you are well verſed in thoſe Poets, 
yet, till you have learn'd their aſtronomical Diſtinctions 
of the Seaſons, by the Riſing and Setting of the Stars, 
and by the Globe properly conſtructed to ſhew-them, it 
i} will not avail you to have any Examples of this Sort 
= to practiſe; but when you have that, it will open a fine 
| Field for your Phyſico-Poetical Speculation, and View of 
diſtant Times, EG. BY Red 

Euphroſ. I will make it my Buſineſs to proſeeute 
that particular Part of Study, as I apprehend there will 


8 | be” ſomething very curious:—But what other Problem 
18 am I next to practiſe on the Globe? | | 


Cleon. One other, the moſt conſiderable and enter- 
— - taining of all, and that is, —to ſhew me the Face of 
[7 9 : the Heavens, or what Stars will be viſible on the Firſt 
4 Day of October, at IX at Night? 
Puphroſ Conſidering the Nature of this Problem, 
| I find it is doing but little more than I have done before; 
Wh - 3 but as it is of ſo general and curious a Nature, I will 
{ | | proceed to it Step by Step. — Firſt, I rectify the 
a 
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Globe to the Latitude of London; then the Sun's 
Place for that Day at Noon is 7 30“ of Libra, which 
5 Point I bring to the Meridian, and ſet the Hour-Index 
Wl to XII.—Then I turn the Globe about, till the Index 

ints to X at Night,—and there letting it reſt, I ſee, 
in one View, all the Stars which then appear above 
the Horizon ; together with all the Conſtellations in 


| 4 which they are contained. —This is a noble Problem, 
Fl. Cleonicus, indeed ! For, as by this, I ſhall be able, on 
1 the Evening of any Day, to repreſent the Stars viſible 


for any Hour of the Night; I can very eaſily learn to 
diſtinguiſh the Conſtellations in the Heavens, by thoſe 
on the Globe; at leaſt, I ſhall be able to remember, 
to what particular Aferi/m any Cluſter, or Aﬀemblage 
of Stars belong, which I at any Time view in the 
Heavens. Alſo, by this Means, I ſhall imprint in my 
Memory the Idea of all the principal Stars; eſpecially 
thoſe of the firſt and ſecond Magnitude, and ſhall ſoon 
be able tg call them all by their Names, 
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AND LADV's PHILOSOPHY. 73 
Clin, This is the grand Deſign and Uſe of the 


celeſtial Globe, which is, as it were, the Primer of 
Aſtronomy, by which our Vouth are inſtructed in the 
celeſtial Characters, and taught, as it were, to read 


in the ſtarry Heavens. — There are yet other nobler Uſes 


to be made of the celeſtial Globe; one Inftance I ſhall 


give you in Navigation, the moſt beneficial of all 
Sciences, which is, to find the Hour of the Night, by 
having the Latitude of the Place, and the obſerved Al- 
titude of a Star given. | | 
Euphroſ. As I am not ſo clear in this Problem, as 


in ſome others, I fancy, I had better ſee you perform 


the Thing, than attempt it myſelf, leſt I ſhould blunder 
about it. 12 

Cleon. The Method is very eaſy. Thus: —Suppoſe 
in the Night, following the Firſt of October, a Perſon 
was to take the Altitude of the Star Bellatrix, and find 
it juſt 30 in the Latitude of 51? : 300. Then to find the 
Hour, nothing more is requiſite, than to rectify the 
Globe for that Day and Latitude. —Then, I bring the 
Quadrant of Altitude towards the Star Bellatrix, in the 
Left Shoulder of Orion, (which is in the Eaſtern He- 
miſphere) and then, moving the Globe and Quadrant 
ſo together, till the ſaid Star comes exactly under the 
302 of the Quadrant. Here I let the Globe reſt; 
and, if you look at the Index, you will find the Time 
is thereby ſhewn to be Half an Hour after I. in the 
Morning. 55 | 


Euphroſ. By the Manner of your performing this 


Problem, I ſee it is very eaſy, and will ſhew the Hour 


of the Night by Land, as well as at Sea; to which 
Purpoſe, I ſhall now and then apply it by Way of 
Amuſement. | | | 

Cleen. In all theſe Problems of rectifying the Globe 
for any particular Time, you obſerve, among other 


4 pings, the Courſe or Poſition of that remarkable 


henomenon, called the Gallaxy, or Milky-way, among 
the Stars in the Heavens for that particular Time. 
Thus, for Inſtance, on the Firſt of Oclober, at X at 
Night, you will obſerve the Gallaxy to paſs exactly 


thro' your Zenith, or over your Head in the Heavens, 


and to cut the Horizon of Courle at right Angles in 
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the E. N. E. and W. S. W. Points of the Horizon; 
and it is very rare, that ever you ſee it in ſuch a 
Poſition, as to divide the viſible Hemiſphere into two 

equal Parts; as there is but one other Time of the 
-— ap in which you can obſerye it. 

Euphroſ. This is a curious Affair, and I ſhall dili- 
gently attend to ſuch Appearances.————One Thing 
3 I haye taken Notice of ſince I have been inured 
to the Uſe of this Globe; and that is, that ſeveral of 
the Stars never ſet in our Latitede, but are viſible the 
whole Night; and, on the other Hand, that ſeveral 


ih 1 Stars and „ neyer appear eee our Horizon, | 
1 or are ſeen by us at all. 5 
WL Cleon. It is rightly obſerved, my Euphroſyne ; and 5 
. the Reaſon is evident from the very Poſition of the . 
11: Globe itſelf; ſince all thoſe Stars, which are at a leſs ; 
"| Diſtance from the North Pole than the Latitude of 5 
. . the Place, muſt neceſſarily circulate about the Pole 2 
4 above the Horizon, when on the North Part of the 2 
ye Meridian ; and, on the other Hand, thoſe Stars, whoſe Z 
Southern Declination exceeds the Complement of the » 
| Latitude, can never ap above the Horizon, which x 
| you well remember in the Caſe of the Comet at our laſt [ 
i interview. 8 
| | | 4 
4 LEDIALOGUE IK, ; 
Wl. Of the PRE ESSION of the Equinox, Mu- 2 


TATIONS of SEASONS, and the Celeſtial 
Phenomena, reſulting from the retrograde Mo- 


-710N of the EAxTH's Ax1s about that of 
iy the ECL1PTIC, illuſtrated by a NEW Con- 
þ STRUCTION and Apparatus of the CEL E S- T 


TIAL GLOBE, 
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13 | 
2 in the preceding Dialogue you pretty well 
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not. that I am weary of theſe celeſtial Studies; if any 
Thing farther remains, I ſhall be all Attention to un» 
derftand it. - 

| Cleon. There is only one Particular more of Conſe- 
quence to be conſidered, which is a Point of a very 
curious and ſublime Nature. I have formerly mentioned 
to you ſomething of this Matter; when 1 told you, 
that the North Star, whoſe Motion is now altogether 


inſenſible, will, in other Ages of the World, have 3 


Motion like the reſt of the Stars, extremely obvious, 
round other Points in the Heavens. — In ſhort, the 
whole Affair i is this; the Globe of our Earth has ee. 
Motion beſides thoſe already mentioned, when we diſ- 
courſed of the Orrery, which is properly a conical Motion 
of its Axis about the Axis of the Ecliptic, by which 
Means, the Poles of the World have a Motion about 
thoſe of the Ecliptic, This Motion is retrograde, or 
contrary to the Order of the Signs, and, in Conſequence 
of this, not only the celeſtial Poles, but the Stars that 
are near them, and, indeed, all that we ſee in the 
Heavens, muſt neceſſarily appear, in Courſe of Time, 
to move forward, This Motion of the Earth's Axis 


backward is, indeed, very ſlow, being only at the Rate 


of about 50“C in a Year, or 30 in 72 Vears; therefore 
to move through 360% or a whole Circle, will require 
no leſs than 25920 Years; and in that Space of Time, 
the Stars will all of them have an apparent Motion quite 
round the Heavens; from whence you will underſtand, 
that thoſe, who live in the different Parts, or Ages of 
this great Period, will neceſſarily ſee the Stars in different 
Parts of the Heavens ; - for ſince the Place of each Star 
moves forward one whole Degree in 72 Years, the 
Change of their apparent Places will be very evident in 
the Space of one Century, and therefore, from one 
Age to another, the Longitude of the Stars will be 
continually increaſing, till they have compleated one 
entire Revolution through the Heavens. 

Euphreſ. This to me is a new Doctrine, and as it 
conveys ſuch wonderful Ideas, I ſhall think myſelf ex- 
tremely happy, if I can underſtand it by any Means, 
or mechanical Contrivance, applied to the Globe; for 

I obſerve, you have made a Proviſion of that Kind, as I 
5 | here 
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1 THE YOUNG GENTLEMAN 


here ſee a Globe with ſuch Appurtenances' as are not 


uſual or common; by which, I preſume, you are to 
explain this Phenomenon to me. - 4D 
Cleon. That is the Deſign of this new Conſtruction, 
my * Zuphroſyne.—T here are ſeveral Ways, by which 
this Motion may be eaſily repreſented to you; one is, 
by this new Diſpoſition of the celeſtial Globe; others 
u will ſee hereafter, — This Globe is fo contrived, 
that the Poles of the Equinoctial are made to move at 
Pleaſure round the Poles of the Ecliptic, and fo to 


repreſent the Face of the Heavens for any Time of that 


long Period above-mentioned, namely, twenty-ſix Thou- 
and Tears. —T he late Mr. Senex, among many other 
mprovements -of the Globe, contrived this principal 


one: By Means of theſe Pieces of Braſs, which you 


ſee on either Side of the Globe; in one End of each 
is a Piece of Iron, fixed and applied to the Braſs Meri- 
dian as uſual, to give the Globe a Motion on the Axis, 
or Poles of the World. — The other End of each Braſs 
Arm is applied to the Poles of the Ecliptic, in ſuch a 
Manner, as that it may be fixed, or moveable at 
Pleaſure. By this Means, the Poles of the World, 
or of the Equinoctial, may be placed in any Poſition 
about the Poles of the Ecliptic; and as they revolve, 
they will deſcribe a Circle of 472 in Diameter, about 
the ſaid Poles in the Ecliptic.—And to make the Idea 
ſtill more eaſy and familiar to you, I have added to this 
Invention a moveable equinoctial Circle with its Colures, 
and alſo a moveable Ecliptic ; whence, by a few Exam- 
ples of the Uſe of the Globe, thus furniſhed and con- 
ſtructed, you cannot but underſtand—how all the Stars 
muſt have an apparent Motion forward in the Heavens; — 
how their Longitudes and Declinations muſt be con- 
ſtantly altering ;—how various the Times of their Riſing 
and Setting muſt be ;—how thoſe which are viſible, in 
one Age, become inviſtble in -another ;—the Change of 
Seaſons thro* all the Months of the Calendar ;—and 
what is uſually called the Preceſſion of the Equinoxes by 
Aſtronomers; I ſay, how all theſe great Phænomena 


are produced by this one fimple Motion, you will now 


ſee explained by Example. 
Euphreſ. This will give me the greateſt Pleaſure, 


L Fri e LSE a Tl TE . N * bY 
ee ! . ee cid n 
Se ORE SO TIO IC NT ET, 
N o VETS AT 
. be . 8 2 
* * 


2 
TEES 


— 
8 1 1 aan; A—— aa a cM FO 


not 


FFV 
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Cleen, The firſt Thing I do is, to looſen the Braſs 
Arms upon the Poles of the:Ecliptic, by which Means, 
you ſee how eafily I move the Poles of the World to 


any different Part, from where they now are.——TI will 
move each Pole one fourth Part, or 90? from the Po- 
ſition they are now in, and there fixing the Braſs Pieces, 


the Globe will revolve on the Poles of the World in 


the ſame Manner as before, and will exactly repreſent 
the Face and Appearance of the Heavens for that Time 
to come, or future Age, which is One- fourth Part of 
the forementioned long Period of Time. (i. e.)] You 
now ſee the Globe, as it will be rectified by the People 
who live 6500 Years hence. Here the, following 
Particulars you will obſerve, (1) That the Elevation 
of the Pole is always the ſame, the Latitude of the 
Place not. being at all affected by this Motion; therefore 
I ftill ſet 51? : 30“ of the Braſs Meridian to the Hori- 
zon. (2) You obſerve, that the equinoctial Points, 
by this retrograde Motion of the Pole, has receded from 
the firſt Point of Aries to that of Capricorn ; for there 
the moveable Equinoctial intercepts the Ecliptic. (3) 
From thence. you learn, that, at that Time of the 


World, the vetnal Equinox will happen about the 22d 


of December, the Time which is now our Mid-winter, 
(4) That, as the equinoctial Points have moved thro” 
three Signs backward; ſo the Stars muſt of Courſe 


appear to have moved as much forward; that is, their 


Longitude will be increaſed 90. (5) As the moveable 
Equinoctial now contains an Angle of 34: 30 nearly, 
with the fixed or preſent Equinoctial ; ſo the Declination 
of Stars will be much altered thereby; (6) for- thoſe 
which had none before may now have a Declination of 


| any Quantity leſs than 34%: 307. (7) Thoſe Stars, that 


had South Declination before, may now have their 


Declination North, and the North Declinations may be 
changed to South. Thus, at preſent, Cor Leonis has 
about 14% North Declination, in that Age its South 
Declination will be greater; the ſame you obſerve of 
many other Stars, (8) Thoſe Stars and Conſtellations, 
which are now always viſible, will then riſe and ſet. 
Thus Charless Wain, or Great Bear, at preſent, never 


goes below, or near the Horizon ; but in the diſtant 


Age, 
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Age, we are ſpeaking of, it will be got flmoſt wholly 
below the Horizon; as you ſee by revolving the Globe. 
(9) On the Contrary, - thoſe Stars, which now riſe 
and ſet, as the Conſtellations, Driphinus; Sagitta, Vul- 
pecula, Andromeda, &c. will then be conſtantly viſible; 
(79) The prefent Pole-Star, which has now ho ſenſible 
otion, and is always nearly the ſame Height above 
the Horizon, will then appear to circulate réund the 
then Pole of the World, and will have a Difference of 
Altitude upon the Meridian, of full 649 © 30% (11) 
A Star, ' or Point in the Heavens, now between the 
Head and Right-hand of Cepheus, will then be the 
North Pole of the World, and appear without Motion; 
(12) Stars, which are now altogether invifible to us 
in the Southern Hemiſphere, will rife above the Horizon 
to the View of that Age. Thus Corona Auftralis, Indus, 
Grus, Phonix, Tiucan,  Pavo, Ara, and Lupus, will 
then be among the Number of viſible Conſtellations, 
which are all of them at preſent inviſible to us. On 
the other Hand, Canis Major, great Part of the Hydra, 
Crater, &c. will then be inviſible to that Age, which 
are now fo conſpicuous above our Horizon. (13) In 
that Age, when the Sun poſſeſſes the fame Part of the 
Ecliptic, the fame Stars will riſe at a very different Time 
from what they now do. Thus, when the Sun is in 
the firſt Degree of Cancer, on the prefent Midſummer- 
day, Cor Leonis riſes at about Half an Hour after Eight 
in the Morning ; but im that Age, it will riſe at near 
Eleven, which will then be the Day of the autumnal 
[ Equinox. (14) The Amplitudes and Azimuths like- 
1 wiſe will then be very different from what they are now. 
Thus, at preſent, on Midſummer-day, Cor Leonis riſes 
on the E. N. E. Point of the Compaſs; but, in that 
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0 ; Age, its Amplitude will be South, near two Point) 
5 and a Half, (15) You will eaſily obſerve, from all 
1 that has been ſaid, that the Seaſons of the Vear will 


have changed their Places in the Calendar; for the vernal 
1 Equinox will be on the 22d of December, Midſummier- 
1 day on the 21ſt of March, the autumnal Equinox the 
i | 22d of Fune, and the Middle of Winter about the 23d 
1 of September. Theſe, and many other Particulars, na- 
1 turally and neceſſarily follow from altering the Poſition 
1 of the Poles of the World. 
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\ Euphroſ. It is really very wonderful, to confider 
how many ſurpriſing and important Changes happen 
from ſo ſmall a Cauſe, as one would think that to be: 
I cannot but ſay, thoſe Things are very evident, by 
Means of this Apparatus; but I believe, without it, 
I could never have attained to any diſtin or clear Ideas 
of ſuch a new and complicated. Syſtem of mundane 
Changes; and from this firſt Example, I can plainly 
foreſee, that, if you remove- the Poles of 'the World 
backward, thro* another Quarter of a Circle about the 
Poles of the Ecliptic, thoſe Alterations and C 
will {till appear much greater than before, with reſpect 
tothe Time, Seaſons, Motions, and various Phenomena 
of the heavenly Bodies. - 

Clion. Indeed they will; and you ſhall fee by my 
removing the Poles to the Places you mentioned, what 
an Aſpect the Heavens will have in fo diſtant a Period 
as 13000 Years hence. The Poles are now fixed 
diametrically. oppoſite (on the other Side of the Poles 
of the Ecliptic) to the Place they at preſent poſſeſs; 
and now, as the Globe revolves, you fee what wonder- 
ful Mutations enſue ; for now that very Star, which is 
our North Pole, and appears fixed, will, in that Age 
of the World, appear to deſcribe a Circle round the 
then North Pole of 94“ Diameter; that it will 
tranſit the Meridian at 8? ; 30“ to the South of our 
Zenith, on one Part, and deſcend ſo low as to be within 
5: 30“ of the Horizon on the other, ——— The 
Seaſons of the Vear are then diametrically oppoſite to 

what they now are in the Calendar; our Midſummer- 
day will then be when the Sun enters the firſt Sign of 

Capricorn, and the firſt Degree of Cancer will be farther 
diſtant from the North Pole at that Time, and will then 
be the Winter Solſtice : Alſo, the Vernal and Autumnal 

Equinoxes will then have interchanged their Days. 
The Conſtellations within 23“; 30“ of the Southegn 
Pole of the Ecliptic on one Part, will then be viſible 
above our Horizon; as Muſca, Croſiers, Apus, Trian- 
gulum Auſtrale, &c. and, on the other Hand, many 
Stars of the firſt Magnitude will then entirely diſappear 
from our View, as Sirius, the Dog Star, Regel, thoſe 
in Orion's Belt, will be Stars unknown, at leaſt unſeen, 
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by the People of that Age, though, at preſent, they 
ſhine with the greateſt Luſtre in our beſpangled Canopy. 
— There will, - likewiſe, be then the greateſt Difference 
in the Declination of Stars; as thoſe which have now 
239: 207 of North Declination may then have; juſt as 
much South; all which you readily perceive without 
enlarging further on Particulars. | non , cant 
Euphroſ. This is, indeed, a moſt noble Invention, and 
muſt certainly be reckoned amongſt the moſt curious Im- 
. provements of the Globe. I ſee, by this Means, it is 
eaſy to repreſent every paſt and future Age to our View, 
with regard to the celeſtial Phænomena. I make no 
Doubt, but the Learned can convert ſuch a Doctrine as 
this to ſome very uſeful Purpoſes. If there be any ſuch, 
that I could be informed of without too much Trouble, 
I ſhould be very glad. 28167 10 
Cleen. The Uſes that are made of this Motion of the 
Earth are ſome of them very conſiderable; for hence you 
learn at once, that, ſince the equinoctial Points move 
backward, it will eaſily account for the Motion of the 
Stars and Conſtellations forward. Thus, for Inftanee, 
you ſee, upon all the celeſtial Globes, the Conſtellations 
Aries, Taurus, Gemini, &c, are now removed to the 
Diſtance of one whole Sign, from the Signs that bear 
the Names of thoſe Animals. Thus, the Conſtellation 
Aries is moved forward in; the Sign of Taurus, Taurus 
into Gemini, and ſo on. 1 ache 2 i 
Euphroſ. By this, I ſuppoſe, you would bave me under- 
ſtand, that, in ſpme Apes paſt, the Vernal Equinox was 
in that Part of the Ecliptic where now the Conſtellation 
of Aries is, and that then, the Conſtellation and its Sign 
were both of one Name: Pray, how long fince may that 
be, do you ſuppoſe ? 7 
Cleon. It was upwards of 2000 Years ago, at which 
Time ſome great Men, who firſt obſerved the heavenly 
Bodies, lived; particularly Hipparchus, from whom we 
learn the equinoctial Colure paſſed not far from the bright 
Star in the Head of Aries. — And to gratify your Curioſity, 
as well as to inform your Underſtanding, I have here the 
Copy of a very antique Globe, found in the Ruins of 
antient Rome, and is now in the Muſeum of the Farnejian 
Palace, as the moſt curious Monument of Antiquity. 
1 Upon 
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Upon this Globe, you ſee the various Aſteriſms as they 
were depicted by the Antients, and amongſt them the 12 
* Conſtellations of the Zodiac; all of them placed in their 
proper Signs, and near to the Beginning of them. Thus, 
you ſee, the equinoctial Colure paſting through the right 
Horn and Foot of Aries, not far from the equinoctial 
Point; the ſolſtitial Colures likewiſe paſs through Cancer 
and Capricorn, and not through Gemini and Sagittarius, 
as they now do; and the ſame you obſerve of all the 
*.* | 

Eupbroſ. I think, I may truly ſay, this is one of the 
moſt curious Things I ever ſaw. — One may learn from 
hence almoſt the Age of the Globe.—But I obſerve the 
equinoctial Point is removed backward from the Colure 
which paſſes through the Foot of the Ram, whence it 
ſhould ſeem, that this Globe was made ſdme Time after 
the equinoctial Point was in that Colure. Pray, how do 
ou conjecture concerning the Age of this Globe? „ 
Cleon. Probably we may reaſon thus. The equinoctial 
Colure (paſſing through the bright Star in the Head of 
Aries, and its Foot) appears about 5 from the equi- 
noctial Point on the Globe, which, at the Rate of 50% 
per Annum, will give about 360 Vears from the Time it 
had that Situation, to the Time the Globe was made. 


r 


— — 


As very few of our Readers can have the Sight of this 
antique Globe and its Conſtellations, and thereby an Oppor- 
tunity of obſerving the Difference between that and the pre- 
ſent celeſtial Globe, we have thought it proper (to aſſiſt the 
Imagination as much as poſſible) to add a Copper-plate Print, 
repreſenting the Conſtellation of Aries on both Globes: 
El ecially, as it will repreſent to the View the different Po; 
ſitions of the equinoctial Points, with regard to that Conſtel- 
lation; for in Fig. I. of this Plate, the Poſition of Aries is 
repreſented, as it appears on the antique Globe in its proper 
Sign, near the Equinox; but in Fig. II. the ſaid Conſtellation 
is repreſented, as it appears on the modern Globe, removed 
from its owh Sign into that of Taurus more than 30? from the 
equinoctial Point, by which a clear Idea of the Receſſion of 
the Equinox is plainly exhibited to the View; and this we 
thought neceſſary ſhould be done, as it is a Subject of the 
ateſt Importance and Conſequence in the Sciences. (See 
Plate XXXVI.) | 1 | 
Vor, II. 6 The 
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The bright Star of Aries is now not quite 300 from the 
preſent equinoctial Point; this Point has therefore pro- 
bably receded through 259, ſince the Time this Globe 
was made; but 259 reduced to Time wilt give 1800 
Years for the Age of the Globe; ſo that it ſeems pro- 
bable, this Globe was made about 40 Years before Chriſt; 


to which if we add the before-mentioned, it will 
give 400 Years before Chriſt, for the Time in which the 
ſaid Colure paſſed through the bright Star of Aries; 
but in ſuch Computations we muſt not ſtand for a few 
Years. 3 8 

Euphroſ. You not only ſhew me theſe wonderful 
Things in Theory, but confirm them by real Facts. 
This antique Globe is itſelf a real Demonſtration of all 


your aſtronomical Theory of the retrograde Motions of 


the equinoctial Points, and the mutable Phænomena of 
the Heavens depending thereon. Are there any other 
Uſes to which this Affair may be applied ? | 

Chon. Yes; very great Uſes in Chronology ; when 


you are dextrous in the Uſe. of this new conſtructed 


Globe, you will be able, pretty nearly, to give a Gueſs 
at the Diſtance of Time in which any Poet or Hiſtorian 
lived, whom you find mentioning the Riſing and Setting 
of the Stars, the Places of the Equinoxes, Solitices, &c. 
becauſe you have nothing to do but to alter-the Poſition 
of the Poles of the World, till the Globe, by its Revo- 
lution, - ſhall give the ſame Time of the Riſing and Set- 
ting of thoſe Luminaries, and then the Diſtance between 
the preſent equinoctial Point and that on your Globe, fo 
rectified, will, when turned into Time, give the Age in 
which they lived. 1 | OY OO 
_ Eupbroſ. This being a Thing of ſo curious a Nature, 
and what, I apprehend, I can perform myſelf on the 
Globe, when I have ſeen the Proceſs by you, I don't 
know any Thing would be more highly grateful than 
your illuſtrating this Matter by an Example. | 
Cleon. Tt muſt certainly afford you a pleaſing Satis- 
faction, to know, from your Globe, the Age, or Time, 
in which any of our cetebrated Heroes of Antiquity lived, 
and how the Face of the Heavens appeared to them; and 
that you may thoroughly comprehend the Thing, I ſhall 


give you for a Problem, to determine the Age and mo 
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he of He/ird, from a Paſſage in his Poem, wherein he de- 
bh - ſcribed the acronical Riſing of the Star Arcturus, in the 
be following Lines. 88 7 8 een, h 
0 n ben the glad Sun, approaching with his Rays, 
o- Hlas from the Tropic run aut ſixty Days; 
/t; . Arcturus, riſing from his ſacred Bed, 
ill = Is firſt diſcover d in his Eu'ning's Spade. 
he | From theſe Lines it is evident, that in Heſod's Time, 
= when the Sun had paſſed the Winter Fropic, by the 
Space of 60 Days, and was then of Courſe in the Be- 
1 ginning of the Sign Piſces, the Star Arcturus was riſing 
ut in the Eaſt at Sun-ſet.———— But in the preſent Age, if 
ts. pou take the common Globe, and rectify it for the Lati- 
all tude of A ſcra, the Birth- place of Heſiod, in Greete, whoſe 
of Latitude is about 389, you will find, when the Sun has 
of juſt entered Piſces, and is ſetting in the weſtern Horizon, 
er that there is no Appearance or Riſing of Arcturus in the 
Eaft ;—but that Star will appear then at a great Diſtance 
en below the Horizon; and riſes not to the Inhabitants of 
ed a Greece till near three Hours after Sun- ſet, on the 20th of 
ſs | February in the preſent Age *. | 
In ; eee PI ä — — 
1g * As there has never yet been any Print of this new 
c. Apparatus of the celeſtial Globe, I thought it would be very 
on acceptable to the ingenious Reader, to have a View of the 
o- | celeſtial Globe, as conſtructed with the ſaid Apparatus of 
it | moveable Poles, Ecliptic, Equinoctial, and Colures; rectiſied 
. for the Age and Birth- place of Hęſiod, agreeable to the above- 
ſo | mentioned Example. In the 1ſt Fig. of this Plate, is re 
lis | ſented a View of the eaſtern Hemiſphere of the Globe, ſhew- 
ing Arcturus riſing in the North-eaſt Part of the Horizon, and 
2 in the 2d Fig. is a Repreſentation of the weſtern Hemiſphere, 
90 | ſhewing the Setting of the Sun at the ſame Time that Arfarus 
he | riſes; both theſe together exhibit a View of the Conſtellations, | 
t ſuch as they appear on the Surface of a Globe, 3 Inches in 
in | Diameter; and the Reader will farther obſerve, that the 
: Circles repreſented by two black parallel Lines are the Colures, 
82 E Ecliptic, and Equinoctial, as they were poſited on the Globe 
a4 | in He/od's Time; but the double dotted Line ſhews the 
45 Equinoctial, as it is now placed on the preſent Globes, and | 
z the fingle dotted Lines ſhew our preſent Tropics. By this ; 
IG Means, the Reader will eaſily perceive the Difference betweeh | 
W | the Poſitions of the great Circles of the Globe at thoſe two diſ= | it 
10 F tant Periods of Time, and conſequently, will thereby become 
of | more eaſily inſtructed in the Rationale of the above Praxis, or 


Uſe of this new conſtrued Globe. i 
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© Euphreſ. All this I plainly underſtand from the Uſe of 
the common Globe.— I muſt readily infer from thence, 
that ſome Alteration muſt be made in the Diſpoſition of 
the Globe, that ſhall ſhew that Star riſing in the Lati- 
tude of Greece, when the Sun is ſetting in the Beginning 
of Piſces. — Let me have the Pleaſure of ſeeing how that 
is performed. | 

Cleon. As many Ages have paſſed ſince Heſiod's Time; 
and, ſince IJ have before ſhewn, that, in every 72 Years, 
the equinoctial Points go backward one Degree, you will 
find no Difficulty of underſtanding that, in order to 
repreſent the Face of the Heavens for any Time paſt, 


the faid equinoctial Points muſt. be moved forward, at 


the Rate of one Degree for every 72 Years, till you arrive 
at the Time propoſed ; and by this Means, the Phæno- 
mena of any Age deſcribed may be ſoon repreſented ; 
ſince, by moving the equinoctial Points, and thereby 


giving a new Poſition to the Equator, and Signs of the 


cliptic, you will at length find: them ſuch as will ex- 
actly anſwer to, and ſolve the Appearances mentioned.— 
Thus, you ſee, I looſen the Braſs Arms upon the Poles 
of the Ecliptic, and gently revolve the Globe about them, 
till ſuch Time I have made the Equinoxes advance for- 
ward in the Ecliptic to about 69 of Taurus,—and there 
ſcrewing the Poles faſt, and rectifying the Globe for the 
Latitude of Aſcra, 389, and bringing the Sun's Place in 
the Beginning of Piſces to the weſtern Horizon, if you 
caſt your Eye on the Eaſtern Side, you will ſee Arfurus 
riſing ; and as this is the very Thing which Heſiod affirms 
he faw, it is evident that this was the proper Diſpoſition 
of the Globe; or, that the Poles of the World, the 
Equator, the Equinoctial and the Ecliptic, had the ſame 
Poſition then, with regard to the Stars in the Heavens, 
as you now fee they have to thoſe on the Surface of the 
preſent Globe. 

Euphreſ. 1 obſerve all that you mention with the higheſt 
Satisfaction, and am readily convinced, that the Face of 
the Heavens, now repreſented, is the fame that was in 
Heſiod's Time. —But how do you infer from thence, the 
Number of Years that has ſince elapſed ? 

Cleon. Very eaſily; becauſe you will obſerve, the 
equinoctial Point has been moved forward _ the 
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Place where it now is, in the Beginning of Aries, thro? 
62 and 15 into Taurus, and for every Degree we muſt 
allow 72 Years ; therefore 36: Degrees will give 2600 
| Years, which is the Diſtance of Time from hence, that 


Heſiod lived, which was therefore 840 Years before the 
_ Chriſtian Era; which makes him contemporary with 


Jebu, King of 1ſrazl, and Jonah the Prophet, according 
to our beſt Chronologers. 75 

 Fuphroſ. Well ! this is a moſt delightful Solution and 
Diſcovery to me. I little thought any ſuch Uſe could 
have been made of the Globe. I can ſcarce help fancy- 


ing myſelf living at that Time, as every Thing appears 


to me in this artificial View, as it did to them in 


Reality. tos £07 | 

Cen. By another Paſſage from Heſiod, you will find 
this Diſpoſition of the Globe further confirmed, to an- 
ſwer the Appearances of his Time. He ſays, or rather 
ſings, | ot 

But when Orion and the Dog-ſtar come 

To the Mid-region of the heauv'nly Dome, | 

The Morn, that bluſhing draws away the Night, 

HBebolds Arcturus in the dawning Light. 

From whence it is plain, that in HeſiaQd's Days, when 
the three bright Stars in Orion's Belt were upon the Me- 
ridian, Arcturus then appeared in the eaſtern Horizon; 
and juſt the ſame Thing you ſee upon the Globe. 
The Conſtellation of Orion is on the Meridian, the 
Dog-ſtar near it, and Ar/turus upon the North-eaſt Point 


of the Horizon, all exactly anſwer to Heſiad's poetical 


Delineation. I might farther inſiſt on thoſe uſeful 
Problems, by pointing out the particular Seaſons of the 
Years, with regard to the Stars, as deſcribed by Hefiod 
and other Poets, Thus in another Part of He/iod's Poem, 
we find the following Lines : - 

Begin the Harveſt as the Pleiads riſe; +- | 

And take the Plough, when they withdraw the Shes; 

For forty Days and Nights their ghmm'ring Light, 

- :Obſcur'd to us, no longer chears the Sight. | 
Here we have a beautiful Deſcription of the Heliacal 
Riſing and Setting of theſe. Stars, and ſhews how dif- 
terent, their Plowing and Harveſt Seaſons were from ours. 
In like Manner,” many other Illuſtrations of poetical 

G 3 Paſſages 
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Paſſages and Deſcriptions, from ſuch an Apparatus f 
the celeſtial Globe, may be derived. — Thus, for Inſtance, 
when Virgil tells us in his Gæorgics, 

Around our Pole the ſpiry Dragon glides, 

And like a winding Stream the Bears divides ; . 

The Leſs and Greater, whi, by Fate's Decree, 

Abhor to ave beneath the N. orthern See, + .. | 

Now theſe Lines are much more properly applied to 

the Dragon and Pole-ſtar, it. Jirgil's Time, than in our 
own; becauſe the Dragon did then, in ſome Meaſure, 
encompaſs the Pole, and divide the Pole from the Greater 
Bear, as you eaſily ſee, by rectifying the Globe for the, 
Time of Virgil, which was about 3780, Years ago; 
which Time, the Equinoxes were in 23% of Aries, — 
gave the North-ſtar that Poſition, with regard to the 
Bear and the Dragon, which he mentions; but in our 
Age, the North-Pole is ſituated entirely without the 
Folds, or Windings of the Dragon's Tail; nor is it now 
between the Leſſer and the Greater Bear, as it was very 
exactly in his Days. I muſt leave you to improve in this 
ſo ſublime a Praxis on the Globe at your Leiſure, hav- 
ing ſaid enough, I am well aſſured, to give you the 
general Rationale of Procedure in all ſuch Caſes; and 
ſhall conclude with the Words of an eminent Author, 
which are as follow. But the Inſpection of the Globe, 
ce when it is fixed in a proper Poſition, will convey the 
* beit Idea of all theſe Appearances; for we derive this 
« Advantage from the new Conſtruction of it, that it 
„ will enable us to place the ſeveral Phænomena before 
<< every Eye; by which Means, thoſe who have the 
& leaſt Acquaintance with theſe Studies, mult be greatly 
& ſurprized, and pleaſed, to obſerve the antient Accounts 
% minutely verified; it is a Sort of living over again 
& the former Ages, allowing 19: 23 30” for every 100 
Fears, according to Flam/ted.” I ſhall not now 
ſuggeſt ſome other Purpoſes that might be ſerved by this. 
Method. It is ſufficient, to recommend the Invention, 
that it throws ſo much Light on the common Claſſics, 
and anſwers ſuch very great Purpoſes in Aſtronomy, 


* and Chronology. 
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AND LADY'S PHILOSOPHY, 87 | 
DIALOGUE X. 

Of the DzscrRIPTION and USE of the 
TERRESTRIAL GLOBE. 


Euphroſyne. | | 
S the manifold Uſes of the Celeſtial Globe, which in 
our former Converſations you have been ſo good as 
to make me acquainted with, have ſo much enlarged the 
Ideas of my Mind, and given me a rational Delight and 
Improvement, ſo much beyond my Expectation, I gladly 
embrace the preſent Opportunity of continuing ſuch uſe- 
ful Speculations, though on a different Subject from the 
former. We now deſcend from the ſpangled Heavens, to 
contemplate the variegated Figure of the Earth, and to 
obſerve the. Analogy between the real Globe on which 
we live, and that artificial one, in Miniature, which I 
ſee here on the Table. 35 
Cleon. The preſent Minutes will, I hope, afford you a 
pleaſant Survey, as well as compendious View of the 
ſeveral Parts of our Earth, exhibited on the Surface of 
this terreſtrial Globe; and the firſt thing that I think 
proper to obſerve to you here, is, the Form of it. 
eder g The Form, I preſume, will not require much 
- be ſaid of it, as it is evidently of a round, or ſpherical 
igure, | 
Chen It is ſo, indeed, with reſpect to the artificial 
Globe, you here fee, which is as perfectly ſpherical as 
Art can make it. But you are not to ſuppoſe, that 
the Figure of our Earth is, therefore, ſo too; for this is 
Found, by Experience, to differ conſiderably from the 
Figure of a Globe; in other Words, the Diameter of 
the Earth, at the Equator, exceeds that conſiderably | 
which paſſeth through the Poles, as I ſhall farther ob- 
ſerve to you by and by ; ſo that the true Figure of the bi 
Earth is, what the Mathematicians call a Spheroid, and 14 
not a Sphere. ; | | ; : 1 
Eupbroſ. How then can this artificial Globe be an | 1 
adequate Repreſentation of the natural One, Cleonicus 2 


Or, why do you repreſent 3 Spheraid by a Sphere? 
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Clean. You will eaſily ſee the Reaſon of that, when 
ou conſider, that the Difference of 70 or 80 Miles is 
conſiderable between the Diameters of the Earth, whoſe 
Dimenſions are nearly 8000 Miles; but altogether incon- 
ſiderable and imperceptible in the ſmall Dimenſions of a 
Globe, whoſe Diameters exceed not 20 or 30 Inches.— 


Tis true, if Gentlemen, who are poſſeſſed of large 


Fortunes, were diſpoſed to expend thoſe Sums of Money 
this Way, which are oftentimes, with great Profuſion, 


laviſhed away on many uſeleſs Subjects, we might then 


expect to have Globes of ſuch a Size, as might ſenſibly 
repreſent the Difference in Diameter, or the true ſphe- 
raidical Figure of the Earth. For this Purpoſe, a Globe, 
ten Feet in Diameter, would ſuffice: On ſuch a Globe, 
ou would obſerve the Iſland of Great Britain have a 
different Poſition, with regard to its Diſtance from the 
Equator, than what it would have if the Globe was 
truly ſpherical : — But theſe large Globes we can better 
ſuſtain the Want of, as their Uſe is, in a great Meaſure, 
ſupplied by Maps, or Projections of ſome particular Parts 
of the Surface, as we ſhall hereafter ſee; and, at the 
ſame Time, ſhew, that tho' the Neglect of the true 
Figure of the Earth be excuſable in Globes, it is, never- 
theleſs, unpardonable in Maps, where it may be ſo eaſily 
provided for, and where the Poſition, Diſtance, and Di- 
menſions of Places ſo evidently require it. Fu 2: 
Euphroſ. T muſt ftay till then for farther Inſtructions 
in that Point. — As to the Dimenſions. of the Globe, I 
think, you obſerve, it is near 8000 Miles in Diameter ; 
but, pray, how do you find that by Experiment? 
Cleon. In this Manner, my Euphroſyne.—If the Earth 
were a perfect Plane, you might go ever ſo far North or 
South, without obſerving any Alteration in the Height of 
the Polar Star above the Horizon ;—but if the Surface of 
the Earth be of a ſpherical Form, you move in the Arch 
of a Circle, and, as you move, your Horizon will move 
through an equal Arch in the — you move 
northward, your Horizon will deſcend below the North- 
ſtar, and therefore that Star will appear to riſe above your 
Horizon; but, if you go directly South, your Hori- 
zon will deſcend in the ſouthern Part, and riſe in the 
northern Part; ſo that the Diſtance between the North- 
| ; FE OI 2 8 ä 
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ſtar and the Horizon will be thereby leſſened, and this | 'H 
will be the Caſe every where. —Laſtly, it is found, by 
Experience, that, if you go 694 of our Engliſb Statute 
Miles directly towards the North or South, you will 
elevate or depreſs the Polar-ſtar juſt one Degree; and | 
ſince there are 360? in the whole Circumference, it | 
will produce 25020 Miles, for the Dimenſions of a great I 
Circle on the Surface of the Earth, from whence its 
other Dimenſions may be eaſily deduced. e 
Eupbroſ. What you have ſaid, in regard to the Di- 
menſtons of the Earth, I can underſtand, without try- 4 
ing ſuch a tedious and fatiguing Experiment. And 1 1 
can, at the ſame Time, perceive the Reaſon why the 
Globe is thus moveable in the Horizon; becauſe the 
Pole-ſtar is, by this Means, elevated or depreſſed, ac- =! 
_ cording to the different Part of the Globe, in which we | 
are ſuppoſed tobe. —And from thence: too, I infer, that - 
the Diſtance which I am from the Equator muſt neceſ- 1 
ſarily be equal to the Height of the Pole- ſtar above the | 
Horizon, meaſured in Degrees ; for, if I ſuppoſe myſelf ö 
at the Equator, then, of Courſe, my Horizon will paſs j 
through both the North and South Poles; and, if I am | ö 
ſuppoſed to be placed juſt under the Pole-ſtar, then my 
Horizon coincides with the Equator; and conſequently, | 
wherever I am poſited upon the Surface of the Earth, 
the Arch of a Circle, which meaſures my Diſtance from 
the Equator, muſt be equal to that which meaſures the 
Height of the Pole-ſtar above the Horizon, | bf 
Cleon. Your Ideas are all very right, in regard to 
that Affair. The Latitude of the Place is your ; 
| Diſtance from the Equator, which, being always equal 1 
to the Elevation of the Pole, is the Reaſon why, when 1 
ou rectify either Globe, you place the fame Degree on 1 
the North Part of the Meridian to the Horizon, as ex- | 
preſſes your Latitude from the Equator on the South ; „ 
Part; and as you are already acquainted with the ; 
Nature and Uſes of the various Circles, I need only 9 
juſt obſerve to you here, that, with regard to the Hori- 
zon, there are but three different Poſitions of the Sphere, if 
viz, The Firſt is, a Right Poſition, viz, when the 1 
Poles are in the Horizon, and the Equator and Parallels 1 
are perpendicular thereto, or interſected at right Angles. 
emen 
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Such a Poſition of the Sphere have all thoſe who live 
under the Equator.—Secondly, a Parallel Poſition of 
the Sphere is, when the Equator coincides with the 
Horizon, and the Parallels of Latitude are, of Courſe, 
alle} thereto: Such a Poſition of the Sphere you 
would have, if you were (as you juſt now ſuppoſed 
yourſelf to be) placed under the Pole. Thirdly, 
the Oblique Poſation of the Sphere is that alone which is 
worth confidering,, as being general to all the Inhabitants 
of the Globe, except thoſe before-mentiored; and is 
fo called, becauſe of the obligue Poſitions of the Equa- 


tor, and its Parallels to the Horizon. But on theſe 


Things there will be no Occaſion to enlarge to you. 
Eupbreſ. You make me a Compliment, Cleonicus ;— 
but though it be true, theſe Things are not difficult to 
be underſtood, and are almoft obvious by Inſpection ; 
et a few of your geographical Definitions reſpecting the 
hatin of the Earth, and the Diviſion of the Globe 
into Land and Water, will not be amiſs, as I am now 
to form a regular Idea of this Science. I ſhall leave 
ou, therefore, to proceed in that Method which you 


judge beſt for my Information. 
(leon. You may always depend on my doing that; 


and, in the firſt Place, it will be neceſſary ta obſerve, 


that the Surface of the Globe is divided into five Parts, 
or Zones, viz. the Torrid Zone, the two Temperate Zones, 
and the two Frigid, or Frozen Zones. | 

1. The Torrid Zone is ſo called, from the Inhabitants 
being, as it were, torrified, or ſcorched with the Sun's 
Heat; for this Part of the Earth is all that, which lies 
between the two Tropics of Cancer and Capricorn; and 


over which, the Ecliptic Line is obliquely poſited; from 


whence you will eaſily obſerve, that the Inhabitants of 
this Zone will have the Sun perpendicularly over their 
Heads two Days in the Year, in paſſing from Tropic ta 

Tropic, in each Half of the Ecliptic. | 
Eupbroſ. I readily underſtand you, and IJ farther 
obſerve, that ſuch People as inhabit his Zone, may, in 
ſome Senſe, be ſaid to have two Summers ; for ſince the 
Sun, twice in the Year, paſleth over them, thoſe two 
Days, in which the Sun is in the Zenith, will be their 
19:3 fer avs, and the two Tropical Days, are 
| | thoſe, 
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thoſe, in which the Sun will recede to the greateſt 
Diſtance from them, and therefore may be called their 
Mid-winter Days. | | | 
Cleon. At the ſame Time too, you will underſtand, 
that, when the Sun is vertical to them, they can, at 


| Noon-day, have no Shadow; in which Caſe, they were 


antiently called by the Greets, Aſcii, which imports the 
ſame Thing. But, at other Times of the Year, they 
have their Shadows falling North or South of them, 
according to the Place of the Sun in the Ecliptic; and 
they are then called the Amphiſcii.—Alſo it may be ob- 
ſerved, that only thoſe People, who live juſt under each 
Tropic, have only one 22 in which the Sun 
is vertical, or over their Heads; they have alſo one 
Winter only, viz. when the Sun is in the oppoſite 
Tropic. | | | 

Euphroſ. I find, from what you ſay, that the Seaſons 
of the Year very much depend on the Situation of the 


Inhabitants, in regard to thoſe Zones, pleaſe, therefore, 


next to ſhew me how they are cireumſtanced, who 
live in the Temperate Zones. | | 

leon. The Temperate Zones, are all thoſe Parts of 
the . terraqueous Globe, which lie between the Tropics 
and Polar Circles, and conſequently, there is one of 
theſe in the northern and another in the ſouthern Hemiſphere, 
as you ſee, they are eaſily diſtinguiſhed on the Surface 
of the Globe. — As we ourſelves are Inhabitants of the 
North Temperate Zone, we find the Seaſons of the Year 
in a, temperate Degree; our Summer Suns are at a 
Diſtance from our Zenith, and we do not therefore ex- 


perience the greateſt Force of bis Beams.—Again, we 


are never without his enlivening Influence the Space of 
one natural Day ; ſo that, upon the Whole, we muſt 
reckon our Situation the beſt that the Surface of the 
Earth can afford; eſpecially, the Paradiſiacal Situation 
of England, which is in the moſt temperate Part of the 
Temperate Zone. J | 

Euphroſ. I have always thought, that England was, 
on many Accounts, a favourite Country of Providence, 
Our Sex have particular Reaſon to think ſo. The ardent 
Beams of the Sun, on the one Hand, in regard to our 
Complexion, would be very unfriendly ; and the Cold 
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of remoter Climes would by no Means ſuit the Tenderneſs 
and Delicacy of our Nature; moft bliſsful ce, is 
our Department on the Britiſh Iſles. | 

leon. It was an antient Obſervation, that we mould 
think ourſelves almoſt too happy, if we were thoroughly 
ſenſible of all the comparative Benefits we enjoy above 
other Inhabitants of the Earth. Since the Noon-tide 
Shadows of the Inhabitants of either Temperate Zone fall 
always one Way, they have been uſually called by Geogra- 
phers Heteroſcii.— By revolving the Globe upon its Axis, 
= will ſee, that by far the greateſt Part of the habitable 

arch is ſituate in theſe two Zones. 

Euphroſ. The very Name of the Frigid Zone i is enough 
to make one ſhudder. Their Situation, diſtant from the 
Sun, muſt prove them a hardy Race of Mortals; and yet, 
J have heard, there are ſuch to be found within a” few 
Degrees of the Pale. | 

Cleon. You mean the North Pole, my Euphroſyne; for 
about the South Pole, no Land as been yet diſcovered 
within the Polar Circle, as you will/ſee, by caſting your 
Eye upon that Part, and turning the Globe about at tae 

fame Time.—As theſe Circles circumſcribe each Pole, at 
the Diſtance of 230 30, (the ſame Diftance as the Tropres 
lie from the Equator) it will follow, that, when the Sun 
is in the ſouthern Tropic, it will be 90? diftant from the 
North: Polar Circle, and conſequently, all that Space, 
contained within it (improperly called the Zone) will be 
entirely bereft of the Sun-beams for one Day, or involved 
in Darkneſs.—Alfo, as the Sun advances from Capricorn 
to Aries, the Parts within the Polar Circle will be more 

and more enlightened; and of Courſe, the intenſe Cold, 
occaſioned br the great Diſtance of the Sun, while in the 
ſouthern Parts of the Ecliptie, will abate by Degrees, or 
become leſs ſevere.— As the Sun advances from Aries to 
Cancer, it will appear to the Inhabitants of the Polar Re- 
gions to be wholly above the Horizon, as you gradually 
paſs from the Polar Circle to the Pole. And, when the 
Sun is in the Tropic of Cancer, the conſtant Heat, upon 
all thoſe Parts about the Poles, will be exceſſtve great; 
and thoſe Parts of the Earth that are coldeſt, at one Time 
of the Lear, will alternately be hotteſt at another 


But, upon the Whole, the Effects of Cold are moro 
durable 
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durable and prevalent than thoſe of Heat; and therefore, 
theſe Parts of the Earth-{till deſerve the Epithet, or Title, 


is 
* which they bear. The Inhabitants, who live in theſe 
Id Circles, have their Shadows. fall all around them, when 
ly the Sun ceaſes to ſet in their Latitude, and therefore were 
ve anciently called the Periſcii. | 
de Euphroſ. What other geographical Diſtinctions have 
Ul you with regard to the Inhabitants? 
a- Cleon. Thoſe which follow, (I.) Such as live Fi 
S, trically oppoſite to each other are called Ax TIropEs, as 
le they are 180* diſtant from each other. The Times and 

Seaſons will be contrary to each, i. e. when it is Noon | 
h to one, it will be Midnight to the other; ; and when it is f 
2 Winter to one, it will be the Summer-Seaſon to the ; 
t, other. They have the ſame Latitude; but one is North, 1 
* and the other South: All which is evident, by viewing 1 

any two ſuch Places on the Surface of the Globe. (2.) i 

Js Thoſe, who live in two oppoſite Points of the ſame Parallel 1 
d of Latitude are called PERICI. They have the ſame [ 
N Length of Day and Night, the ſame Scaſons of the Year, 3 
e and, when it is Noon to one, it is Midnight to the other. 4 
t This likewiſe is evident on the Globe. (z.) They, who y 
's live under the ſame diurnal Meridian, but in two different . 
n Parallels, equally diſtant from the Zquater on either Side, 8 
e are called Ax T KCI. They have the ſame Noon-tides, j 
7 but differ in all Things | elſe : The Nights of one are 1 
e equal to the Days of the other; ; and, when it is Sum- 1 
; mer 'with one, it is Winter with the other : All which | 
? Particulars are too eaſily obſerved on the Globe to need l 
- any farther Account. L 
: Euphreſ. "Theſe Things I ſhall make myſelf very well q 
> acquainted with by a little Practice. Is there any Thing 
p farther for me to know by Way of Definition. 
) 


Cleon. It may be proper juſt to mention, that there is a [: 
Diſtinction of the ſeveral "wer of the Earth, under the 4 
Title of CLIMATES. The Geographers call that Part of 4 
the Earth, contained between two Parallels of Latitude, 1 
a Climatey: in which the Length of the Days differs hy a | 
Half an Haur, of which there are of Courſe 24, on each H 
Side of the Eguator, all of a different Breadth from each 
other; for, according to the different Obliquities of the 
Sphere, the Differences of Latitude will be unequal among 

them- 
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themſelves, that ſhall produce equal Differences in the 
Length of Days. This is a Point, in which you will be 
eaſily ſatisfied, by a little Practice on the Globe; and 
particularly, you will obſerve the Extent of each to be, 
as ſpecified in the following Table, in the lower Part of 
which, you will find the Climates are differenced by the 
Space of a Month in the Polar Circles, of which there 
are fix from the Circle to the Pole. | 2 888 


[CLIMATE S between the EQUATOR and the 
es POLAR CIRCLES... | 
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Euphroſ. If 1 underſtand. this Matter right, I find, by 
the Table, that the firſt Climate ends at 89 25, and, of 
Courſe, is 89 25” broad; alſo, that the xoth Climate ends 
at the Latitude of 54 %, and its Breadth is 29:29/:;; and 
becauſe 10 Half Hours make 5 Hours, theſe, added to 12, 
make 17 Hours, for the Length of the Day, where that 
Climate ends, as ſhewn ia the 2d Column. | 
Cleon. You have a very clear Conception of this Affair, 
which, in itſelf, is of no great Conſequence; but, as we 
uſually ſpeak of the Climes, or Climates, of different 
Countries, it is proper,. that every one ſhould have ſome 
geographical Idea, or Notion of the Thing. 

Eupbroſ. You juſt now mentioned the geographical 
Deſcriptions of Land and Water. Theſe, I ſuppoſe, 
come next in Order; and, in the firſt Place, pleaſe to let 
me know the Diviſion, or Diſtinction of thoſe Parts you 
call Ln, ( | W 

Cleon. It is cuſtomary with 1 to make a 
Diſtribution of the Land into the following Claſſes, : 


(J.) Of ConTinENnTs, which are the large Tracts of 


Land, including many Kingdoms and Countries, not 
any where ſeparated by the Sea, of which we may reckon 
five; namely, Europe, Aſia, Africa, North America, and 
South America, . — > | 


(2.) Of IsLAxpS: Theſe are Tracts of Land every 
where environed with Water; ſuch as you fee. here on the 


Globe, viz. the Iſland of Great-Britain, Madagaſcar, 


Sicily, Borneo, Nova-zembla, &. 75 | 

(3.) Of PewninsULAs : Theſe are Tracts of Land 
furrounded by Water on every Side, but one ſmall Part, 
which joins it to the Continent. Thus, you ſee, on 
the Globe, the Country called Morea, joined to Greeee. 
Thus you ſee alſo, Africa is a Sort of Peninſula, joined 


to Aſia, by a narrow Tract of Land, between Egypt and 


the Red Sea. 


(A.) Of IsrHUHbs's: Theſe are the narrow Necks of , 


Land, by which the Peninſulas are connected with: the 
Continent: As the Iſthmus of Corinth, which joins the 
Morea to Greece, as you ſee on the Globe. 


([.) Of PRomonToORIES: Theſe are large Heads or 


Capes of Land, which ſtand out into the Sea; ſuch as 
the Cape of Good Hope, in Africa; Cape Horn, in Ame- 


rica ; 
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rica; Cape Finiſtere, in Spain, &c. which readily ſhew 
themſelves on the Globe: And theſe are all the great 
Forms of Land, the Surfaces of which are diverſifſied 
with high and low Parts, commonly called Hills, Moun- 
tains, Vales, &c. of which there need no Deſcription, as 
ou have ſo lately read an Account of the Alps, of Mount 

ö and of the Pike of Teneriff, which are the moſt 
remarkable in the World. - 5 n 

Eupbroſ. Theſe Subjects afford me the higheſt Pleaſure, 
even while I am a Novice in Geography. But, when I 
become better acquainted with the Science, the Delight 
in Reading will increaſe in Proportion: Therefore, next, 
pray tell me what are the Diviſions of Water, which 1 
fee covers ſo great a Part of the Globe's Surface? 
Cleon. The Proportion of Water to that of Land, is 
much about three to one; or, in other Words, three 
Parts in four of the whole Surface of the Globe are 
covered with Water, which are divided into the following 
Denominations. | , 8 

(1.) Oceans: Theſe are the vaſt Collections of Wa- 
ter that ſurround the Continents, and receive different 
Names, according to the different Parts of the World, in 
which they lie: As the Eaftern, or Weſtern. Ocean, &c. 
the Indian, or German Ocean, according. to the Countries 
they are contiguous to. e 

(2.) SEAS: Theſe are ſuch Parts of the Ocean as lie 
between ſeveral Iſlands, or Parts of Continents, as the 
Mediterranean, the Baltic, the Red and White Seas, &c. 
Alſo, thoſe great ColleCtions of Water, entirely ſurround- 
ed by Land in the Continents, are called Seas, as the 


Euxine, or Black Seca, the Caſpian Sea, &c. 


(3.) Lakes: Theſe are any ſmaller Collections of 
Water on the Land; ſuch as you here ſee on the Globe, 
viz. the Lake of Geneva; and particylarly thoſe fine, 
large, remarkable Lates above the River St. Lawrence, in 
Canada, which are the Baſis of ſo great a Traffic with the 


North American Indians. | , 
(4.) Gurs: Such Parts of the Ocean as are almoſt 


ſurrounded by Land. It is in Form —_— to a Penin- 
ſula; ſuch you obſerve is the GEulph of Venice, the Red 


Sea, &c. 


and Globe. 
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5.) CREEKS: Theſe are thoſe narrow Parts, or 
Fi... of the Sea, running a little Way up into the 
Land. If de are wide and ſpacious, they are then 


called 
(b.) Bavs. Of which the moſt remarkable 5 caſy 


to be diſtinguiſhed on the Globe, are Hudſon's Bay, in 


North America; the Bay, or Gulph, of Mexico; ; the 


Bay of Biſcay; with many others. 


(J.) STRAITS: Theſe are ſometimes called 8 


Uni which are thoſe Parts of Seas that run between 
two Shores, or Coaſts; as the Straits of Gibraltar, the 


Britiſh Channel, the Straits of Magellan, &c. 4: 

(8.) Rivers : Theſe are large Streams of Water, 
which ariſe from ſeveral Fountain-heads, and run towards 
ſome Lake, or Sea, where they diſembogue their Water. 
Such are the River Thames, in England; the River Nile, 
in Egypt; the River St. Laturence; the Danube; and 
many others of very great Note; which you ſee diver- 
lifying the Surface of the Land, like the Veins and Ar- 
teries in the membraneous Parts of Animals. | 

Euphroſ. J ſhall endeavour to retain all theſe Diſtine- 
tions and Definitions, by an Application to my Books 
J fear you have exhauſted your Spirits 
too much at preſent, and ſhall with Pleaſure diſmiſs 
you from any farther Attendance on me now. 1 
promiſe myſelf great Satisfaction in our next Leiſure, 
which you tell me is to be employ'd in a practical 
Gale. of the moſt uſeful geograp hical Problems on ths 
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DIALOGUE XL 


Containing the Solution of the PR INCJPAL 8 
e the TERRESTRIAL Grong.* TB 


Cleonicus. 


T our laſt Interview; I ti; to prepare your 
Mind with every neceſſary Preliminary for under. 
| kanding the right Uſe of the Terrefirial Globe, and as 
— are well acquainted with all bs Circles, and the 

anner of rectifying the Globe for any particular Place, 
we may now addreſs ourſelves immediately to the Solu- 
tion of ſuch Problems, as will ſuſhciently ſhew how very 
rational, beneficial, and entertaining, the Uſe of this 
Inſtrument muſt be, and how highly Mankind are in- 
debted to the firſt Inventors of it. 
Eaphroſ. The very Pleaſure of ſeeing the World in 
one View, is not fmall; it gives me ſuch a diftin and 
adequate Idea of the ſeveral Parts of Land and Water, 
that no Maps, or other Contrivances could ever equal.— 
J have rectified the Globe to the Latitude of London, by 
placing 519 30“ to the Horizon, which makes it ready, 
F preſume, for the Solution of geographreat robin. —. 
Pray, which is the firſt to begin with ? 

en The Fr Problem uſually is, To find th; Eirtitids 
of any given Place; and this is done by bringing the Place 
ro the graduated Edge of the Meridian, where its Diſtance 
from the Equator will appear in Degrees. Thus, ſup- 
poſe I require the Latitude of Feruſalem, ed, and 
Pekin, in 2 


— 


* In this Dialogue, I ſhall give the Solution to 1 
Problems, as they are performed on the Terreſtrial Globe of the 
nſual Form; the Examples here are accommodated to thoſe of 
Mr. Senex's Make, particularly thoſe of 12 and 17 Inches 
Diameter; but in the following Dialogue, the Reader will 
find, that the ſame Problems will receive a much more natural 
Solution, or Repreſentation, | from a new Conſtruction and 
Apparatus of a nine Inch Terreſtrial Globe, which is moved 
by Clock-work, and by which the general Rationale of the 
Problems pertaining to both the Globes will moſt evidently 
appear. 


— 


— 
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Zupbroſit This T think Jean eaſily perform, —Fern- 
Am, Flas upon the Globe, and placing it — the 
Meridian, I obſerve its Latitude 320 oo N. from the 
Equator. Again, I find Peterſburgh, in Ruffin, juſt in 
the Parallel of 60 OO - And as for Pekin, in. China, 
when I bring that to the Meridian, I ſee it lies juſt under 
the 402 oo; and in the ſame Manner, I could tell you 
the Latitude of every other Place that is marked on the 
Globe. I ſuppoſe the next Problem will be, of Courſe, 
To find the Eongitude of a: Place. | | 
Cleon. It is certainly ſo, as it is ſo eloſely connected 
with the Latitude. To do this is nothing more than to 
obſerve what Degree of the Eguator is interſected by the 
Meridian, when the given Place is brought to it. And 
here I muſt obſerve to you, that the Degrees of Longi- 
tude on all Mr. Senex's Globes are reckoned from that Me- 
ridian, which- paſſeth through London, (and which is 
uſually called the FI RST MERIDIAN) theſe Degrees of 
Longitude are reckoned to 180 on each Side of the firſt 
Meridian towards the Ea and e. . 
Euphraſ. I underſtand you, and obſerve the fir/# Meris 


dian you ſpeak of. When I bring Feruſalem to the Me- 
ridian, it cuts the 36th Degree of E Longitude on th 


Equator.—Pekimn being brought to the Meridian, cuts the 
116th Degree as before. After the ſame Manner, E 
obſerve, that any Place which lies Weſtward of us, 
being brought to the Meridian, both the Latitude and 
Longitude thereof will inſtantly appear. Thus, Port- 
Royal, in Jamaica, being placed under the Braſs Meri- 
dian, is ſhewn to have 159 30 Latitude N. and its Lon- 
gitude will be ſhewn to be 779 30 Weſt from London. 


Cleon. In all this you are very right.—A Third Pro- 


blem is, Having the Latitude and Longitude given, to find 
that Place on the Globe. bg : 

Euphroſ. This I apprehend is nothing more than the 
Reverſe of the foregoing Problem. Thus, ſuppoſe I find 


in a Gazetteer,-or Table of Latitudes and Longitudes, 


that Jeruſalem was in 30? oo of North Latitude, and 
? oo! of Eaft Longitude ; — then I bring the 36“ of 


_ Longitude to the Edge of the General Meridian, and 1 
am ſure to find the City of —_— under the 32 De- 


gree of Latitude on the faid Meridian; — Again, If I 
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know the "Longitude of Port-Royal to be 77/3" Welt 
of London, and to have 17% 30 of N. Latitude, then, 
by bringing the ſaid Degree of Longitude to the Meridian, 
Jobſerve the Town juſt under the oc Latitude. 

Cleon. Very good, my Eupbroſyne. . The Fourth 
Problem is, To find the Diſſance between tio given Places 
on the Globe in Engliſh Miles, as for Inſtance, between . . 
London and Jeruſalem.- To effect this, you ſcrew: 
the Quadrant of Altitude to the Braſs Meridian, with 
its Edge to 519? 30', the Latitude of London, to which 
Point you bring the City of London, where let the Globe 
reſt; then lay the graduated Edge of the Quadrant upon 
the given City, and you will ſee upon the Quadrant 

2 30% which, by allowing 69 Miles and an half to a | 
Degree, will amount to near 2259 Miles. 

- Euphraſ.” The Praxis of this Problem. is very eafy, 
and will, at the fame Time, (exerciſe me in the little 
Skill T have in the Rules of Aritbmetit. But let 
me ſee, if I can find the Diſtance from Londen to Port- 
Royal. The Globe remaining as before, I bring the 
Edge of the Quadrant to the Place, and 1 obſerve it is 
69? from London, which multiplied by 692, gives 47957 
Mites. Thus, I can ſatisfy my Curioſity at any 
Time, in regard to the Diſtance of any Part of the 
World. Pray, what is the Fifth Problem? 

Cleon. To find the Point of the Compaſs, on which any 
Place bears from London? 

1 | | Euphroſ. I need not give you the Trouble bf ſhew- 
| ing me how to perform this Problem; for it is ſelf-evi- 


dent. For, as I ſee the Compaſs on the Horizon, 
1 when London is brought to the Meridian, and the 
5 Qaadrant laid over any Place, it ſhews, at the ſame 
g Time, the Point on which that Place bears from London. 
Thus, the Quadrant, laid over Rort- Royal, ſhews it 
| | to bear nearly on the Weft Point of the Compaſs, —If 
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laid over Feruſalem, it cuts the E. S. E. Point of the 


* 


* 


1 Compaſs for the Bearing of that City.— The Quadrant 

removed to Pætin, in China, ſhews it to bear within a 

* Degree or two on the N. E. Point of the Compaſs.— 

This is a Matter of no ſmall. Curioſity, which I ſhall 

practiſe for many other N . at . n What 1 iS 

the next Problem, Cleonicus? l aut 1 55: 
I 
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Clion. The Sith Problim is, 75 find all thoſe Places 
Jon have the 4 qt an and woe, 4rd with'a 8 
Plare. 

Eupbroſ. This, again, is OY eaſy at firſt: Bight, that 
I wonder you learned Gentlemen | ſhould make any 
Problem of it. For itis only bringing the given 
Place, as Pekin, for Inſtance, to the Meridian, and 
all thoſe Places that lie under the Southern Half of the 
Meridian, «muſt, of Courſe, have the ſame Longitude; 
after chis, if I turn the Globe about, tis 
evident, all thoſe Places which paſs under the ſams 
Point of the Meridian wich EOS muſt _ the ſame 
Latitude. 

leon. You will find aer Drobleins; by and; by, 
that you may think ſufficient to exerciſe your geographical 
Genius; though by you” they may be eſteemed only 
Paſtime. The Seventh Problem is none of the mo 
difficult, and you mult let me ſee if you can do it without 
my Direction. It is, To find all thoſe Places ꝛ0here it is 
Noon at any given Hour of the Day, in any Place propoſed. 
For Example, you are to find in what Places 'of the 
Earth it is Noon, when it is Nine in the n at 
London. 

Eupbroſ. 1 believe you Fn now outgled me.—Muft 
not I begin with finding the Sun's Place? _ 

Cleon. No, my Euphroſyne, all Problems of Time 
do not require the Sun's Place to be known: but 
ſince you tacitly aſæ my Aſſiſtance, you will readily. 
find it. Therefore proceed as follows: Bring 
London to the Meridian, and ſet the Hour; Inder to 
the given Hour IX in the Morning. Then turn 
the Globe about, till the Index points to the upper XII. 
Then ſee what Places lie under the Meridian; 
for in all thoſe Places, it will be Noon at the given 


Hour, 

Eupbroſ. Well, this a pretty Problem; let me practiſe 
it in the given Example. —— bring London to the 
Meridian. —ſet the Index to IX,. — and then 


turning the Globe, till it points to XII, I obſerve, that 
the middle Part of Ruſſia, Circaſſia, the middle Parts 
of Arabia, and Madagaſcar, all he under the Meridian; 
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to all which Places therefore it muſt be Twelve o'Clocks 
or Noon, when it is Nine in the Morning with us. 


Cleon, The Eighth Problem is but the Reverſe of 
this, viz. when it is Noon at any. one Place, to find. what 
Hour it is at any other given lace. And therefore in 
the Solution of ithis, ' you. will readily know bow to 

oceed. 


Euphroſ. Ves, ſurely 1 do. ———Suppoſing it Noon 


at London, I can tell . o Clock it is at Jernſalem for 


Inſtance; for, if I bring London td the Meridian, 
and ſet the 8 to the upper XII; then by 
revolving the Globe, till Jeruſalem m_ to the Me- 
9 obſerve * Index point to II. But, as 
this is on the weſtern Part of the Hour-Cizcle, it ſhews, 
that it is about Half an Hour after Two in the After-⸗ 
noon. Again, for a ſecond Example; if I turn 
the Globe till Port- Royal comes to the Meridian, the 
Hour-Inder will point to VII. nearly, which ſhews, 
that it is Seven o' Clock with them — amaica, when 
it is Twelve at Noon with us. Aglin, for a third 
Example, I ſhall reverſe the Problem, and bring Pekin, 
in China, to the Meridian, where, holding it faſt, I 
place the Hour-/ndex at XII; then I bring London to 
the Meridian, and find the Index point to Four o'Clock 
in the Morning. Such Problems as theſe are very 
—— What is your Ninth Problem? 

Cleon. your laft Foe: you have robbed Geo- 
graphers * — Problem, and, by the ſame Freedom, 
you might as well have taken that which follows, which 
we may now call the Ninth, viz. For any given Hour of 
the Day, in the Place Wore you are, to ind the Hour in 
any other Place? 

Euphroſ. This, indeed, is hardly worth conſidering 
as a ſeparate Problem. For, when it is Five o'Clock 
with us, in the Afternoon, if I would know what 

o'Clock it is then in Port-Royal in Jamaica, J need only 
bring London to the Meridian. Set the Hour-[nd-x 
to V, on the Weſt Side; then revolving the Globe, 
till Port- Ropal comes to the Meridian, the Index points 
nearly to XII. — This ſhews, Cleonicus, that when we 
ſit down to Tea at Six, they begin to think of their 
Dinner at Jamaica. 
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ks Cleon. Theſe Problems, I ſee, you are ſufficiently 


ready at. I believe the Tenth will be very agreeable 
of to you, which is, To find all thoſe Places in the Torrid 
hat Zone, to which the Sun is vertical for any given Day. 
in Eiuphreſ. In the Solution of this Problem, I foreſee 
to your Direction will be neceſſary. Pleaſe to ſay how I 
muſt proceed. | | 
on Cleon. Let the given Day be the 20th of Apr I; 
for oppoſite to which Day, upon the Calendar in the Ho- 
an, © rizon, you will ſee the firſt Degree of Taurus in the 
by Ecliptic placed by it, which ſhews the ſame Degree in 
le- the Ecl ptic on the Globe, is the Place of the Sun for 
as that Time. Therefore, I bring the Sun's Place, 
vs, or Beginning of Taurus, to the Meridian, which it 
er · interſects in the 11th Degree: Then turning the Globe 
irn quite round, you obſerve all thoſe Places upon the Sur- 
the face, which paſs under the ſaid x1th Degree of the 
vs, Meridian, are the Places required, or thoſe which have 
en the Sun paſſing over their Heads for that Day. 
ird E Euphrsſ. This Problem is more curious than difficult; 
in, by which I learn, that every Place in the Torrid Zone, 
1 whoſe Latitude is equal to the Sun's Declination, will 
to find him in their Zenith at Noon. — What is your Ele- 
ck | venth Problem, Cleonicus ? 1 5 
ry Cleon. To find the Midf| — any given Place 
in the Torrid Cone. This Problem I ſhall ſhew you the 
0 | Solution of as follows: — Let theſe two Days be required 
m, for Port- Royal, in Jamaica. — Then, I bring that 
ch Town to the Meridian, and obſerve what Degree it 
77 cuts, which is 179 30.— Then, turning the Globe, I 
in obſerve what Part of the Ecliptic, next to Aries, touches : 
| that very Point of the Meridian, and find it to be the 
ng 20 of Taurus . This Degree I look for on 
ck the Horizon, and find againſt it, the 10th of May, | 
at which therefore is their firſt Midſummer-Day.- - 
ly Then, I turn the Globe farther about, till ſome Part of ö 
lex the ſecond Quadrant of the Ecliptic comes under the ] 
e, ſame Part of the Meridian, which I find to be the 1oth 
WO Degree of Leo N.—— Then, againſt that Degree of | 
ve the Ecliptic in the Horizon, I find correſponding to the 4 
ir by Day of Augu/t, which therefore is their ſecond, Mid- 1 
| ummer-Day. | 3 | 
H 4 | 
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Eupbroſ. I ee, | by the Manner of your Solution, 
that I ſhall, find but little Difficulty in performing the 
ſame Thing for any other Place. What Prablem ſuc- 
ceeds to this?? e ene 

Cleon. The Twelfih Problem finds all thoſe Places in 
the. North Frigid Zone, where the Sun begins to ſhine, con- 
flantly, or without ſetting, on any given  Day,——— The 

Solution is in this Maniter, — Let the given Day be 
the 26th of April. ———Then, the Sun's Place for that 
Day will be in 6“ oo“ of Taurus in the Ecliptic on the 
Horizon. Which Place I find in the Ecliptic on the 
Globe, and bring it to the Meridian, which ſhews the 
Declination of the Sun for that Day to be 139 00.— 
Then it is evident, that all thoſe Places which are the 
ſame Number of Degrees from the Pole, or which are 
in the 77th Degree of North Latitude, are the Places 
required. bigt almond indo. a8 fy 
e I can plainly ſee the Reaſon of that, as 
the Circle of conſtant Illumination muſt | neceſſarily be 
the ſame Diſtance from the Pole, as is equal to the Sun's 
Declination. 77 | 611 cx 

Clean, , The Thirteenth Problem is ſomewhat a-kin 
to the foregoing.— It conſiſis in finding on what Day : the 
Sun begins to ſhine conſtantly, or without. Setting, on any 
given Place in ihe Frigid Zone, and how long it continues 
fo to do. Jo ſolve which, let the Time required; be 

for Point Look-out, or the ſouthernmoſt Part of Greenland. 
— Then firſt, I find the Latitude of that, Cape, which 
is 77%, 00',,— Secondly, I rectify the Globe to the 
Latitude of the Place. Thirdly, turning the Globe 
about, I obſerve what Point in the firſt Quarter of the 
Ecliptic coincides with the North Point of the Horizon, 
which, I obſerve to be the ſixth Degree of Taurus. 
Fourthly, I ſeek the ſame Degree of Taurus in the 
Ecliptic on the Horizon, and find againſt it in the Ca- 
lendar, the 20th Day of April, which ſatisfies the firſt 
Part of the Problem. —Fiſthly, I turn the Globe back 
again, to obſerve what Pont, in the ſecond Quarter of 
the Ecliptic, exactly ccinci es with the North Point in 
the Horizon, and I fir d it to be the 249 OO of Leo. — 
Sixthly, I ſeek. the ſaid Degree in the Ecliptic on the 
Horizon, and find it anſwers to the 17th Day of 
I, | | Auuguſt. 


75 e 
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n, g Augaft — Therefore, from the 26th of April to the 14th 
1 of Auguſt, the Sun ſhines conſtantly on the Inhabitants 
e- bod the moſt ſouthern Parts of Greenland. 

| Euphroſ. By the particular and gradual Proceſs you 
in have uſed in the Solution of this Problem, I find, not 
n- only the Method for any other of the like Kind is very | 
he eaſy, but, alſo, the Rationale thereof is very evident; 
be and therefore. you may proceed more aller ns in what 
at other Problems remain. 
ne Cleon. The remaining ale; are but fowl that, - 
ne which you may reckon the Fourteenth, is To find the | 
ne Place over which the Sun is vertical on any given Day and 
— Hour.— In order to this, you are to find the Sun's 
ne | Place in he Ecliptic, and: bring it to the Meridian, and 
re mark the Degree of Declination for the given Hour. 
es After this, find thoſe Places which have the Sun in the 
x Meridian at that Moment ;—and, among them, that 
as ö particular Place which lies under the Degree of * 
e Sun's Declination, is the Place deſired. 
8 5 Eupbroſ. As you have given me the Clue, I can 

proceed through the Whole of this Problem without 
in your farther Inſtruction, at leaſt I will attempt it. 
be | | 1 ſuppoſe it was required, to find the Place 
2 to which the Sun is vertical on the 20th of April, at 
es Nine at Night preciſely. The Sun's Place, at that 
)e Time, I find on the Horizon of the Globe to be in 
L. | the firſt Degree of Taurus; this I bring to the Me- 
h | ridian, and there obſerve his Declination to be about 
e 10 30.— Then will all thoſe Places; that paſs under 
e that Degree, have the Sun vertical to them that Day. —In 
e the laſt Place, I find all thoſe Places where it is Noon 
„ | at Nine o'Clock at Night on that Day : —— And 
* | amongſt them, that which lies under 10% 30“ of the 
kh Meridian is the Place required ; and this I find is in the 
- | Pacific Ocean, or Great South Sea, and, as it accidentally 
| happens, in the very Tract of Lord Anſon's Voyage 
Fo. from Aquapulcs to — which has $439" Weſt Longi- 
f | tude from London. 
n Chon: It is with Pleaſure 1 ſee how great a Miſtreſs 
— you are of geographical Solutions. I believe it will 
e not now be in my Power to mention any future Problem, 
f that will be too difficult for you. However, the Fif- 
. teenth will ſtill extend your ideas of this Kind, which 

is, 
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diſtant from the Braſs Meridian. (2.) 
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is, To find, for any given Day and Hour, thoſe Places 
awherem the Sun is then Riſing, or Setting, or in the Me- 


ridian; alſo, thoſe Places which are enlighined, and thoſe 
aubich are not; and for an Example, you may take the 


20th at Nine at N ight. | 21 
Euphroſ. I fear what you ſay to encourage me, will 
rather tend to diſpirit me; for, if I may have the World 
for my Pains, I know not which Way to go about this, 
which you think ſo eaſy a Problem. — | 


fame Day and Hour of the laſt Problem, viz. April the 


Clem. Lou have no Reaſon to be diſheartened, it 


is but a Trifle that you want to recollect, to make the 
Problem as clear as the Day. For only find the 
Place to which the Sun is vertical at the given Hour, 


(which you know how to do by. the laſt Problem) and 


bring the ſame to the Meridian, and elevate the Pole 
to the Latitude of the Place, then all the Reſt will be 


eaſy. | 
Euphroſ. This I will do. — The Latitude of the 


Place is 10307. b 


therefore I elevate the Pole to 
the ſame Number of Degrees above the Horizon, ——— 
and thence, ſince the Sun is vertical to the middle Point 
of the Hemiſphere about the Horizon, it is evident, (1.) 
That all thoſe Places which are in the weſtern Semi-circle 
of the Horizon ſee the Sun Riſing, as they are 90? oO 
F or the ſame 

Reaſon, thoſe who are in the eaſtern Semi-circle ſee 
the Sun Setting. (3-) And to thoſe who are under the 
Meridian it is XII O'Clock, or Noon. (4.) and laſtly, 
All Places above the Horizon are enlightened by the 
Sun, and to them it is Day; and all that are below it, 
of Courſe, are in Darkneſs, or Night. Upon the 
Whole, I think this a very curious and extenſive Problem. 
Cleon. It is as uſeful as curious, ſince, by Means 
thereof, you readily ſolve the Sixteenth Problem, which 


is, To exhibit, in à general Manner, all thoſe Places on 


the Earth to which a ſolar, or lunar Eclipſe is viſible, when 
the Time thereof is known. If you remember, ſome 
Time ſince I was mentioning to you, a very great Eclipſe 
of the Sun, which will happen the 1ſt of April, 1764: 
This I propoſe: to you as an Example. This Eclipſe 
begins at IX, and ends at X11 nearly, | 


. _ 4 4 5 Ys TS r BO 
"<< JOSE =, e > ond SLA ST OF 23273 TR OR 8 =, 4 2 uy _ OE STS * One h _— 
2 2 25 1 EE INS 8 N 2 1 r - 2 (LE r * 
SW 
n = if 


MY 


WED = Tj * 
„ 
ho 


* 


4 — 


. > . 

> © 
% * . > 
1 I 


E 
5 
e 


i ous vu ww R tw 0 


% * 
1 % » 
4 * 


* by 


'Part of Ruſffia 


AND LADY's'P HILOSOPHY: 1207 


 Euphraſ. By this I know what my Taſk Will be. 
for, in the firſt Place, I muſt find the Place to which 


the Sun is vertical at Half an Hour paſt X on the firſt 


Day of April, that being the Middle of the. Eclipſe: 
this I find to be near the Middle of the Continent 
of Arabia . — to which, when I rectify the Globe, 
] obſerve all the midland Parts of Norway, Poland, 
Turkey in Europe, and the vaſt Continent of Africa, lie 
under the general Meridian, and obſerve the Middle of 
the Eclipſe at Noon. —Alſo, all the Hemiſphere 
above the Horizon ſhews me all thoſe Parts of the 
World, in which the Eclipſe can be viſible. Therefore 
] am convinced, it will be ſeen in all Parts of Europe 
and Africa, as alſo all Aja, except the eaſtern Part of 
Tartary, China, &c. But the eaſtern Parts of South 
America only can ſee any Thing of this Eclipſe. - 


Tf I caſt my Eye on the weſtern Part of the Hemiſphere, 


I obſerve: the Countries in North and South- America, 
which lie-upon the Horizon, to be thoſe People who 
ſee the Sun riſing at the Middle of the Eclipſe.— | 
And in the eaſtern Part of the Horizon, the ' ſeveral 
Countries upon the Horizon there view the Sun Setting 
at the fame Time. Again, if I bring London to 
the Meridian, and place the Hour Index to IX in the 
Morning, and then revolve the Globe till the Index 
points to XII, I view all thoſe Countries under the 
Meridian, where the Eclipſe begins at Noon; partieu- 
larly at Madagaſcar, the inland Parts of Arabia, the 
Per/ian Gulph, the Caſpian Sea, and of all the eaſtern 
in Europe; but ſcarce any inhabited Part 
of the Earth view the Beginning of the Eclipſe at Sun- 
Riſing, ſince the weſtern Horizon lies almoſt wholly on 
the Great Atlantic, and Southern Oceans. On the other 
Hand, a few of the eaſtern Iſlands only of Aſia can ſee 
the Beginning of the Eclipſe at Sun — the laſt 
Place, I bring London to the Meridian, and place the 
Index to the upper XII, which g:ve; me a View of all 
thoſe Places under the Meridian, who view the dark 
Diſk of the Moon going off from the Sun at XII O'Clock. 
On the weſtern Horizon, I view the Countries where 
the Sun is riſing, when the Eclipſe ends: and in the 
eaſtern Part of the Horizon I fee in what Parts of 
5 | the 
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the World the Sun appears to ſet, with its entire 
enlightned Diſæ. Are not theſe the general Phe- 
nomena of this Eclipſe, as repreſented on the Globe 
Cleonicus ? 5 W 8112 eee ee FEA 
Cleon. They are, my Euphroſyne, and very ſcientifi- 
cally repreſented ; I could not have done it better myſelf, 
I ſee you want no more of my Inſtructions, in regard 
to the Uſe of the Terreſtrial Globe; for though there 
may be a great Diverſity of Problems propoſed,” yet they 
will all become very eaſy in Practice, and their general 

Nationale will appear to any one who has been exerciſed in 
thoſe” which I have ſelected for your Inſtitution in this 
Science, for they are all of them of a fundamental and 
general Nature.—If any Thing farther remains, there 
is yet a few Minutes to ſpare; therefore be free to aſk 
of me any Thing you think proper, relative to the Uſe 
of this Globe, wle it is before unis. 

© Euphreſ. I ſee Vut one Thing more on the Globe 
to trouble you with, and that is, that long Slip. of 
Paper, which 4s paſted, on the Globe, acroſs the Equator, 
containing the Calendar; or Months and Days of the 
Year: I ſhould be glad to know the Uſe of that, as 
you have ſaid Nothing hitherto about it. A 8 
Cleon. It is very proper you ſhould be acquainted 
with the Uſe of it, as it is a curious Appendix to the 
Globe, and the Invention of the ingenious Mr. Harris, 
Author of A Treatiſe on the Globes. It has been lately 
affixed to the Globe; it may be called a General Rectiſfen 
(though it is otherwiſe called the Analemma.) The Uſe of 
it is thus, you bring it to the General Meridian, and 
there holding the Globe faſt, ſet the Hour-Index to XII; 
then (1) at one View, you obſerve on that Paper the 
Sun's Declination for any particular Day in the Year, 
whether North or South. (2.) You rectify the Globe 
to the Latitude of any Place, and then bringing the 
Rectifier to the eaſtern Part of the Horizon, you place 
any given Day of the Month to the Edge of the Horizon, 
and you ſee the Point of the Compaſs on which the 
Sun, that Day, riſes; and confequently, the Amplitude 
of the Sun is inſtantly known: The Time of its Riſing 
is alſo ſhewn by the Index of the Hour Circle, and 
conſequently the Length of Day and Night. And ſince 
1 ; S theſe 
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theſe, Things are ſnewn, as it were, by Inſpection, for 
one whole Year, it gives a Summary of the Problems: 
relative, to the Sun; and in ſome Meaſure [I the 
Uſe of the Celeſtial GlobeGQ. 

\Enphroſc This I think is a great Curioſity indeed, ve 


could not have thought ſo many Problems of Importance 


could have reſulted. from ſo ſmall a Slip of Paper. But 
I ſhall trouble you no further at preſent,-- with; theſe 


Things, your Lecture, at ante 9 e been of 
m uncommon Length. HIT 563 0% be e e 


DIALOGUE. XII. gs 


The DzSCRIPTION and USE of a New APPARATUS. 
40 the TERRESTRIAL GLOBE, by which" the. true 
diurnal Motion of the EARTH on its. Axis," the 

2. apparent annual Moriox of the Sun in ibe Eclip- 

lic, the various Phenomena of Davs and NIoRFTS, 

tbe SEASONS of the Year, and of a Solar E.CLIPSE, 
are e exhibited Ly New Macainesy. 


E uphrofy ne. 


ELL, Clonicus, I am ſure I have loſt no 9 
ſince our laſt Interview, in making myſelf per- 
feet in the Uſe of the Globes. 1 have practiſed, every, 
Problem over and over again, on both the. Globes, and 
now I may fay, with the rich Man in the Joffe What 
lack I yet ? | 
Cleon. Why, to — according! to your. own Stile, 
though you have been indeed buſy about many Things, 
yet one Thing is needful . Lou have been long engaged 
in learning how. the Phænomena of Nature may be arti- 
ficially repreſented by Globes, and in this you find great 
Aſſiſtance from the Labours of many ingenious Men; 
but with little Attention, it will appear, that thoſe 
Things will admit of a much more natural Repreſen- 
tation with a little Contrivance and ſmall Expence of 
Machinery ; and you: will, readily allow, that the more 
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natural any Phænomenon can be ſhewn, the more Satis- 
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faction and greater Inſtruction i it muſt give to wo mes 
fitive Mind. | 
Lupbroſ. No one can doube the Truth of that, and I 

ſee you have provided here a beautiful Machine for that 
Purpoſe; and F flatter myſelf, I ſhall have great Fleaſure 
in being inſtructed in the Uſe of it. 

len. To ſay the Truth, I have employed my utmoſt 
Sxill t6- contrive it for your Inſtruction; for though 
there have been two or three Inventions of this Kind 
already propoſed to the Public, yet I think them by no 
Means ſo ſimple and elegant as fuits with the Nature of 
the Deſign, and worthy the delicate Genius of Jo Sex. 

Euphroſ. Compliments but ill ſuit with philoſophical 
InftruQions ; therefore, without any further Ceremony, 
explain to me the Uſe of the Machine, for I am impa- 
tient to know it. 

Cleon. I will oblige you in this, and every Thing elſe 
Lean, to the utmoſt of my Power. | 

Fin then, By opening a Door in the Side of the Ma- 
chine, you obſerve a Frain of Wheel-work, put in Mo- 
tion in the ſame Manner as that of a Sprin -Clock. 
This may be called, the Primum Mobile of the Machine, 

Secondly, On the upper Part of the Machine, you ob- 
ſerve a Terreſtrial Globe is placed, which is moveable on 
its Axis by the Hand, yet ſo as to remain in any Poſition 
where it is placed. 

Thbiraly, by the Machinery within, a Motion is com- 
Wee; to the Globe, about its Axis, by Means of 
that Wheel which you fee on the Top of the Box, and 
fixed to the Axis of the Globe. This is the diurnal Mo- 
tion of the Globe, performed i in the ſame Time with that 


of the natural Globe, viz. in 24 Hours. 


Fourtbly, On the Surface of the Globe, you bite ye | 
an artificial moveable Horizon, by which the Globe may 


be rectified to the Latitude of any given Place. 
Fifthly, The Axis of the Globe makes an Angle with 


the Axis of the Echptic of 23 90 300. of 


' Sixthly, The Globe has Dede Motion communicated 
to it, by which the Plane of the Ecliptic is gradually 
moved round in the Space of one Vear, or 365 Pays: 


Seventhly, In Conſequence of this, a Braſs Ball repre- 


ſenting the Sun, placed on a Stem upon one Side of the 
1 Machine, 
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Machine, and juſt in the Plane of the Ecliptic, will ap- 


pear to move through every Sign and Degree of the 
Ecliptic in the Space of twelve Months, juſt as the real 
Sun appears to move in the Heavens. : E 
_ FEighthly, A Braſs Cirele is placed about the Globe at 
the Diſtance of 90? every Way from the Sun, which may; 


becauſe it conſtantly: divides the Globe into the enlighs 


tened and dark Hemiſpheres. e 
Ninthly, On the Wheel affixed to the Axis, you obſerve 
a moveable Hour Circle, and a fixed Index, by which, 
Means the Time of any Phenomenon. is; ſhewn, and the 
Globe rectified; in regard thereto, eben 
Tenthly, By removing the Sun, I place theſe, two-Braſs, 
Arms to the Sides of the Machine, which, by Means of 
Screws, are moveable up and down, fo; that the long; 
Piece of Braſs, you ſee moveable upon the Ends of each, 
may be placed either horizontally, that 1s, parallel to the 
Plane of the Ecliptic, or. inclined thereto,- in any Angle 
leſs than 69, So that it may be placed parallel, at any 
Time, to the Path of the Moon. „ 
Eleventhly, To the middle Part of this tranſverſe Piece 
is fixed another, at right Angles, with, Spring-Sockets, 
through which, lides a long Slip of Braſs, on the Top 
of which is fixed a dark Circle, repreſenting: the Moon's 
penumbral Shadow, at the Surface of the Earth, in a 
Solar Eclipſe ;- and in ſuch Proportion to the Globe, as the 
real Penumbra of the Moon has to the Globe of the Earth. 
T welfthly, The Slip of Braſs which carries the lunar. 
Shadow is divided, from a certain Point each Way, into 
a Scale of Minutes, by which. Means, in any. Eclipſe, 
the neareſt Diſtance between the Center of the Penum- 
bra, and the Earth's Diſk, or the Latitude of the Moon 
in an Eclipſe. at the Time of a true Conjunction, may be 
truly expreſſed, and thereby the lunar Penumbra. properly 
adjuſted to the Diſk of the Earth, and its true Paſlage 
over it-ſhewn in that Eclipſe. £ ? 5 
Thirteenthly, The lower Part of the tranſverſe Piece is 
divided into Teeth, adapted to a ſmall Pinion that you ſee 
in the Side of the Machine, by which Means this Piece, 


when the Machine is in Motion, carries the penumbral © 


Shadow over the Earth's Diſk, with the proper Velocity 
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of Motion which the Moon really has at that Time in her 


Orbit, or which the penumbral Shade _—_ has on the 
Diſk of the Earth. 


Fourteenthly, But as the Moon's Moron is Camas 


quicker, and ſometimes ſlower, if we would be very accu- 
rate, there ſhould be three of thoſe tranſverſe Pieces, 


containing each a different Number of Teeth of the ſame 


Eength, and fitted to expreſs the greateſt, mean; and leaſt 
Velocity of the Moon's Motion. 
Pifteenthly, The Machinery is ſo contrived, that the 


diurnal Motion of the Earth, and annual Motion- of the 


Sun may be performed in a ſhort Space of Time, viz. 
The annual Motion in ſix Hours, and the diurnal in 
nearly one Minute. And now, my Euphraſyne; you 
are prepared for viewing the great Phænomena of Nature, 
juſt as they happen in the Courſe of Things, or n 
wiſe, at P eaſure *. 


” 
— Jn" odd r 


An ExPLANATION of the MACHINE. | 


ABDF, Is the Body of the Machine, 
E, The Center of the Globe. 
Q. Equator. 
* EL, The Ecliptic. 
Ns, The Axis of the Globe. 
8 H, The tranſverſe Piece, with Teeth: - 
IK, The circular Arms, on which it moves. 
10. The Pinion which moves it. 
R 8 The fixed perpendicular Piece. 
M 8, The Sockets upon the ſame. 
CP, The long graduated Slip of Braſs, carrying 
N V, The penumbral Shadow of the Moon. 
T U, The Circle of Illumination. 
W, The Stem, or Foot thereof. 
X, The Part on which the Globe 3 0g 
Y, The Part on which the Globe is ſupported, 
Z, The horary Circle, which gives Motion to the Globe. 


In the Print we have exhibited the Apparatus for repreſenting 
the Solar Eclipſe, April 1, A. D. 1764, as being the moſt re- 
markable that will happen for many Vears to come. We have 
not repreſented the Sun, the moveable Horixon, Crepuſcular 
Circle, Sc. to avoid Confuſion, eſpecially as they are eaſily 


ſupplied by the Imagination, and ſo particularly deſcribed in 


their Uſes above. 
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Euphroſ. In regard to the Uſe of this new conſtructed 
Globe, 1 muſt be entirely paſſive, as I know not' yet 
which Way to go about ſolving any one Problem ; but 
ſhall be very glad to ſee thoſe natural Phænomena ariſe from 
the Direction of your own Hand. 5 

leon. I will ſhew them to you in their natural Order; 


and, Firſt, you are to obſerve, that ſince the Pole of the 


Ecliptic is the higheſt Point of the real Globe of the 
Earth, as it revolves about the Sun in its annual Orbit, 
ſo the ſame Pole of the Ecliptic muſt always be the higheſt 
Point, and therefore, what we may call the Zenith of 
this artificial Globe, the nether Pole of the Ecliptic being 
the Nadir. „ FF - | | 
Euphroſs This T plainly ſee; and in Conſequence of 
which, the Ecliptic may be called the Horizon; at leaſt, 
J ſee it parallel with the Horizon of the common Globe, 
and will always remain ſo, : 2 
Clean. Your Remark. is juſt, Secondly, to rectify 
this Globe, I fix the Ball, repreſenting the Sun in the 
Plane of the Ecliptic, on its Stem, at a ſmall Diſtance 
from the Globe.—Then, by turning the Winch, I cauſe 
the Ecliptic Circle to move round; ſo that any Part 
which the Sun occupies at any Time, may be placed 
againſt the Braſs Ball, or artificial Sun. Thus, for 
Inſtance, on the firſt Day of April the Sun being in the 
twelfth Degree of Aries, I bring that Point exactly againſt 
the Ball; and thus the Globe is rectified for that Day of 
the Year. | 785 1 81 
Euphroſ. This is a different Rectification of the Globe, 
from what you ſhewed me before; but I ſuppoſe it is ſuch 
as correſponds to the reſpective Situation of the Sun, and 
the Earth in its Orbit for that particular Day. a 
Cleon. It does ſo very exactly; for the Earth being in 
the twelfth Degree of Libra, if we- look at the Sun in 
the Center, it muſt neceſſarily. appear in the oppoſite 


Point, or twelfth Degree of Aries, as you very well know. 

—— Thirdly, I put the Machinery in Motion, and, in 
the Space of nearly one Minute, you ſee the Earth revolve * 
once round upon its Axis with an equable Motion, Which 
exhibits to you a natural Idea of the Manner in which © 
the real Earth does turn upon its Axis, as it proceeds in 


its Orbit about the Sun. | 
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Euphroſ. This is a very curious Repreſentation, indeed, 
of the Earth's diurnal Motion; and I obſerve the Index 
below points out the ſeveral Hours of the Day, and Night, 
en the horary Circle in its Revolution. PETE 

Cleon. You will next obſerve, my Euphroſyne, that 
when the Sun again comes into the Plane of the Ecliptic, 


after one Rotation of the Earth about its Axis, that it is 


found to poſſeſs the next, or thirteenth Degree of the 
Ecliptic ; ſo that you are convinced of the fourth Phæno- 
menon by ocular Lee eee vix. That in the Space 
of one natural Day, the Sun has an apparent Motion in 
the Ecliptic of one Degree nearly. | 
Euphroſ. This I obſerve with Pleaſure, as it is. very 
natural to ſee how the apparent Motion of the Sun, in 
this little Globe, anſwers to that of the real Sun in the 
Heavens :—But as there are 365 Days in the Year, and 
only 360 Degrees in the Ecliptic, the apparent Motion 
of the Sun, at a Mean, cannot be quite one whole De- 
gree in a Day; but the Difference is too ſmall to be 
inſiſted on here. | | 
Cleon. It is, indeed, very ſmall for one Day; but in 
the Space of the whole Year you will find every Part of 
the Ecliptic will be paſſed over by the Sun. The fifth 
Phenomenon you will next obſerve, is the Paſſage of that 
Part of the Earth's Surface under the Sun, to the Inhabi- 
tants of which the Sun is ſucceſſively vertical on that Day. 
Euphroſ. This appears extremely natural, indeed; I 
plainly fee, that for the firſt Day of April all the midland 
Parts of Africa, the Indian Sea, the Iſle of Ceylon, the 
Kingdom of Malacca, the Philippine Iſlands, the vaſt 
Tract of Ocean between them and America, the large 
Continent of South America, called Terra Firma, &c. all 
paſs under the Sun, and therefore view him in their Ze- 
nith.— I muſt needs own, this Repreſentation far exceeds 
that for the ſame Purpoſe on the common Globe, : 
Cleon, The fixth Phenomenon is the variable Length 
of Days and Nights, according to the different Times of 
the Year, which offers itſelf to the View here juſt as it 
does in Nature; for when I bring the Meridian of any 
Place to paſs' through the Sun, I then move the Hour of 
the Noon-Tide XII to the Index, and rectify the Moon's 
Horizon by the Latitude of that Place ; for the Globe, in 
3 Motion, 
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Motion, naturally ſhews you the Length of the Day and | 


Night, at any given Time of the Year, 
Febr. I apprehend it muſt be ſo: But an Example 
will ſtill make it clear, Which, I think, I am able to 


perform myſelf.——T ſhall take our capital City, London, 
for the Place; and therefore rectify the moveable Horizon 


by fixing it at 51? 307 from the North Pole, by the ge- 
neral Meridian drawn on the Globe:—And now, I will 


firſt adjuſt the Sun to the Beginning of the Ecliptic, by 


turning the Globe about till the vernal Equinox is right 


againſt it;— Then, pleaſe to put the Machine in Motion. 
Cleon. It is done. | | 5 | 
Euphroſ. And very plainly I obſerve, that at the End 

bf ſix Hours the Weſtern Part of the Horizon is againſt 


the Center of the Sun :—That in twelve Hours more, 


the Eaſtern Part of the Horizon is upon the Sun :—And 
after another ſix Hours, the Equinox returns to the Sun, 
and plainly ſhews me the Lengih of the Day and Night 
is the ſame on that Day of the Year.—Alfo, I ſee the 
Sun naturally Setting, or apparently paſſing below the 
Weſtern Part of the Horizon at Six in the Evening, 
and riſing above the Horizon at Six in the Morning, juſt 
at the Point due Eaſt.——AIl this I can eaſily ſee will 
follow from the Motion of the Earth, carrying the Hori- 
zon of London along with it, over the Body or Diſk of 
the Sun, Tn | 

 Cleon, And one Thing farther you will take Notice of, 
a ſeventh Phænomenon, which will more illuſtrate this 
Doctrine, which is, the Circle of Illumination fixed to the 
Machine, and ſurrounding the Globe in ſuch a Manner, 


as to divide it into the enlightened and dark Hemiſpheres. 
This Circle may, with ſome Propriety, be called the 


ſolar. Horizon, as it is every where exactly go? diſtant 
from the Sun. i 

Euphroſ. I readily ſee what Conſequences will attend 
this Obſervation :——Becauſe it muſt neceſſarily happen 
from hence, that when the Horizon of any Place is upon 
the Sun, the Place itſelf will be under the Circle of 
Illumination ; and therefore, juſt entring into the darkened 
Hemiſphere.— The Reaſon, therefore, of Day and Night, 
and all their Variations is, from hence, extremely obyious, 
and more ſo, by much, than i” the Orrery itſelf, 
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Cleon. You cannot be too well apprized of the Nature 
of this grand Phænomenon; and therefore it will be 
proper to repeat the Experiment for the longeſt Day in 
the Year in the Latitude of London, which will prefent 


Wo with a View of the greateft Inequality of Days and 


ights that can happen here. | 

Eupbroſ. This, I preſume, I can eaſily do, by moving 
the firſt Degree of Cancer to the Sun, and then turn the 
Globe on its Axis till the Sun comes to the Meridian of 
London, —where letting it reſt, I turn the Hour Circle 


till the Meridian XII is at the Index :——Then giving 


Motion to the Machine, -I ſee the Globe revolves in ſuch 
a Manner, that the Tropic of Cancer conſtantly paſles 
under the Sun, from Weſt to Eaſt, till at Length the 


Weſtern Horizon comes upon the Sun :—At the ſame 


Time I obſerve the City of London is under the Circle of 
Nlumination, and goes into the darkened Hemiſphere at 
the ſame Moment of Time that the Sun is feen below the 
Horizon. When this happens, the Index points to 
VIII o'Clock, and ſomcwhat more. Again, the Globe, 
continuing in Motion, carries the Iſland of Great- Britain 


through the darkened Hemiſphere, till at Length it ap- 


pears on the other Side of the Circle of Illumination, and 
the Eaftern Part of the Horizon revolves to the Sun ;— 
At which Moment of Time I ſee the Index pointing 
nearly to the Hour of IV in the Morning: So that from 


hence it is evident, that the longeſt Day with us is a little 


more than XVI Hours, and the ſhorteſt Night nearly 


VIII, and therefore but half as long as the Day :—The 


Manner in which theſe Things appear ſo nicely accord- 


ing with Nature itſelf, redoubles the Pleaſure of Inſtruc-. 


tion. But what is that ſmall Circle, which I ſee every 
where at an equal Diſtance from the moveable Horizon ? 

Cleon. That may be called the Crepuſcular Circle, or 
Circle of Twilight, It is placed at 180 oo” below the Ho- 
cizon, becauſe, till the Sun has deſcended fo far, ſome 


of his Beams will be refracted by the Atmoſphere, and. 


make a Twilight, or a decreafing Mean between Day and 
Night: But when the Sun has reached that Circle, we- 
find it dark Night; and, therefore, as the Globe revolves, 
at the ſame Time you obſerve the Time of the Beginning 
of Day and Night, you ſee alſo the Beginning, A 
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and End of Twilight, which is the eighth Phænomenon 
in this Machinery. 

Euphroſ. Well, this is a Curioſity over and above 
what I expected; a Piece of Knowledge that does not 
pleaſe me a little: for, though I had ſome indirect and 
faint Ideas before, my Notions of it are vaſtly enlarged 
and improved by this natural Repreſentation. 
what delights me very much is, that in the laſt Example 
of the longeſt Day, I ſee there can be no dark Night 
at all; ſince the Sun, at Midnight, is not by many 
Degrees ſo far below the Horizon of London as is the 
Circle of Twilight, Nor indeed, for many Days before, 
and after the longeſt Day, the Depreſſion of the Sun, 


at Midnight, will, not be ſo great as the Diſtance of 


that Crepuſcular Circle from the Horizon ; and that, for 
that Space of Time, there will be no dark Night, 
which there muſt be, more or leſs, at all other Times of 
the Year, | l h | 

Cleon. At your Leiſure, you max practice this Pro- 
blem for the ſhorteſt Day, in the ſame Manner as for 
the longeſt; and likewiſe, for the Times of the Be- 


ginning and End of Twilight at any Time of the Vear. 


What I muſt next obſerve is, the ninth Phænomenon, 
which is of the greateſt Importance of all, viz. The various 
SEASONS of the Year :—For, by what we have already 
ſeen, you learn, (1ft,) That when the Sun, in its ap- 
parent Motion, poſſeſſes the Beginning of the Ecliptic, 
or firſt Point of Aries, then alſo the Poles of the World 
appear under the Circle of Illumination, and then the 
Days and Nights are not only equal, but the Sun being 
at an equal Diſtance from. either Pole, his Light and 
Heat is then of a mean Degree, and makes that delightful 
Seaſon which we call the SPRING, (2dly,) As the 
Sun advances in its annual Courſe gradually towards 
Cancer, the North Pole, by degrees, is brought ſtill 
farther into the enlightened Hemiſphere, till, at laſt, 
when the Sun arrives to the firſt Degree of Cancer, the 
North Pole is then 23 30' within the illumined Hemiſ- 
phere, or by ſo much nearer the Sun than it was before 
and conſequently its Light and Heat will now be the 

reateſt of all, in all the Northern Latitudes, as weil 
as the Days the longeſt ; and therefore you ſec the Nature 
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of the Seaſon we call SUMMER, demonſtrably plain. 
(3dly,) The Globe continuing in Motion, the Sun 
appears to advance towards Libra; and the North Pole 
retreats, by degrees, and gets a ſecond Time under the 
Circle of Illumination :—At that Inſtant the Sun arrives 
at Libra, and then it cauſes the autumnal SEAS@N. 
(4thly,) The Motions of the Globe continuing, you 
TJee the Sun gradually advance, from Day to Day, to- 
wards the Beginning of Capricorn; and the North Pole 
going farther and farther into the darkened Hemiſphere, 
till, at Length, when the Sun comes to the firſt Scruple 
of Capricorn, the North Pole will be then 23? 30“ from 
the Circle of Illumination in the darkened Hemiſphere, and 
that of Courſe, in this Poſition of the Globe, the Days 
will not only be the ſhorteſt, but the Light and Heat 
of the Sun will be the leaſt it ever can be in Northern 
Latitude, and therefore makes the Y/inter SEASON.— 
Hence, in a ſhort Time, you ſee all the Succeſſion of 

Seaſons, with all their Variety of Incidents, in the 
Courſe of a whole Year. | 

 Euphroſs This is not only a compendious, but a 
beauriful View of Nature's great Events, reſulting from 
the moſt ſimple Cauſes. —Not only the Seaſons, and 
different Length of Days and Nights, but likewiſe many 
other curious Subjects ofter themſelves to my View, in 
this Speculation of a Globe in Motion :—I ſee the 
Parts of the Earth, or Circum-polar Regions, alternate- 
ly, wholly enlightened, or wholly in che Dark at oppoſite 
Times of the Year. —I ſee when the Sun begins to ſhine 
without Setting, and to ſet without ſhining any more 
to the different Inhabitants within the polar Circle :— 
I obſerve, how naturally all the different Parts of the 
Torrid Zone come under the perpendicular Beams of 
the Sun, in the Courſe of a Year.—But I ſhall no 
longer detain you with theſe common Subjects. 
There is yet an Apparatus remaining, which, I ſee 
by the Form of it, has Relation to the Nature of 
Eclipſes; pray, am I, at preſent, to learn the Uſe of 
that ? 

Cleon. By all Means, it being the principal Part of 
the Deſign of this Conſtruction, to give you a more 
natural View af a ſolar Eclipſe, and the Manner in 

which 


which it happens, than by any Contrivance of the com- 
mon Globes, Orreries, c. eſpecially what relates to 
an Explication of the particular Phaſes thereof; for, 
to anſwer ſuch Purpoſes in the beſt Manner, you ought 
to know in what Manner the Shadow of the Moon goes 
over the Surface of the Earth in the Time of the 
Eclipſe. Altho* I have formerly illuſtrated this, by a 
Copper-plate Print, in a general Way, * yet that will 


by no Means ſuffice for a full and adequate Notion of 


this Matter. It was there, indeed, ſhewn, what was 
the Total, and what the penumbral Shadow of the 
Moon; but it ſtill required the Surface of a Globe, to 
ſhew the Proportion of the dark and penumbral Shadow, 
when compared- therewith ; alſo what is the particular 
Courſe, over, and Figure of the Shadow upon the Sur- 
face of the ſaid Globe, ſo that it may have the ſame 
Appearance as if you was actually to fee it on the Sur- 
face of the Earth itſelf, —T he Aſtronomers have Methods 
whereby they can, at all Times, aſcertain the true 
Dimenſions -of the Moon's Shadow at the Surface of 
the Earth, and, conſequently, can aſſign the Proportion 
it bears to the Earth's Surface: Therefore, whatever the 
Size of the Globe you make Uſe of may be, we can 
immediately adapt a Shadow to it, but cutting out a 
circular Piece of black Crape, which ſhall bear the 
required Proportion to the Surface of the Globe. This 
Crape will d note the penumbral Shadow.——In the 
Center of this Crape we can fix one of your ſmall 
Patches, to repreſent the dark Shadow of the Moon, in 
a proper Proportion to the penumbral Shadow ; and here, 
let me tell you, it is much more properly applied than 
when it is placed on your own Face, to eclipſe ſome of 
the natural Beauty thereof. in the next Place, the 
Inclination of the Moon's Orbit to the Plane of the 
Ecliptic, is at all Times known;, and therefore the 
Latitude of the Moon, or its perpendicular Diſtance 
from the Ecliptic, is known at the Time of any given 
Eclipſe, and, conſequently, the Path of the Center of 
the Shadow may be thereby aſſigned on the Surface of 
the Globe :—Conſequently, the Time when the Shadow 
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firſt enters on the Diſk of the Earth, or Surface of the 
Globe, and alſo the Time when it goes off; and there- 
fore, the Beginning, the Middle, and End of the Eclipſe, 
With the Quantity thereof, may eaſily be determined and 
1 by this s Machinery. | 
*: Euphroſ. i muſt confeſs that, till you have put your 
ecliptic Apparatus in Order, and applied it to the Ma- 
chine, I cannot have ſo clear an Idea of the Deſign of 
it as I then may; for, I preſume, the Uſe of each ak 
ticular Part will then more fully appear. | 
Cleon. It will fo :—But before we can proceed any 
farther in this Speculation, we muſt ' adjourn to a Sun- 
ſhiny Morning, when we can view the various Phaſes 
of a Solar Eclipſe to the beſt Advantage; and till then 
ou may ruminate on the Subjects that have, at 
preſent, paſſed between us, and render yourſelf more 
1 in the Uſes of the Globe each different Way. 


DIALOGUE XIII. 


On the Uſe of the New Apparatus to the TERRRS= 
TRIAL GLOBE, in explaining the Nature and va- 
rious Phenomena of Soll AR ECLIPSES, exempli ified 
in that 9 885 15 to happen in 1 764. 


| Euphroſyne. - 
WAS ſcarcely ever more impatient for any Event, 
than of the Sun-ſhiny Morning, to which you ad- 
Jjourn'd. And now the wiſh'd for Hour is come, the 
Air is ſerene and clear, and we have the faireſt Proſpect 
of an entire fine Day: And you will be mindful of the 
old Proverb, To make Hay while the Sun ſhines, and apply 
the ſolar Apparatus as ſpeedily as you can, and thereby 
Gon me the Pleaſure of ſeeing Nature anticipated in 
at future great Phenomenon, 
Cleon. I will do fo; and therefore firſt, J apply the 
two circular Arms to the Side of the Box, which are 
moveable up and down, at Pleaſure; and on theſe Arms, 


the long tranſverſe fliding Piece, "with Teeth on the 
lower 
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lower Part, to the Number of Eighty ; to the middle 
Part of this Piece, I apply the Crape, or Shadow of 
the Moon, placed on the Top of a long Stem, or Slip 
of Brafs, before deſcribed, and lowering one of the Braſs 
Arms, and raiſing the other, I fix the Sliding-piece 
exactly parallel to the Orbit of the Moon, which is 
done by the Diviſions on the Sliding- -part of the Arms; 
then I move the Arm which carries the Shadow up, or 
down, in the Sockets, till ſuch Time the Number which 
expreſſes the Latitude of the Moon from the Ecliptic, 
in the Middle of the Eclipſe, touches the. upper Socket, 
and there ſcrew it faſt, A Motion is then communicated 
to the Slider by a ſmall Pinion, which you ſee on the f 
Outſide of the Box, working in the Teeth of the Slider; 1 
and as twelve Teeth in the Slider anſwers to one Hout's fl 
Motion, there will be fix Hours and an half Motion = 
upon the whole, if required, which is ſomewhat more 1 
than the Time of any generally Solar Eclipſe.— And 3 
now, to make every I hing clear and plain, by Example, 
I ſhall give you a Repreſentation of that remarkable 
Solar Eclipſe that will happen on the iſt Day of April 
in the Vear 1764. | 
Euphroſ. That I underſtand, by what you have ſaid, 0 
is the largeſt Eclipſe we are to expect for many Vears 
to come, and therefore a Repreſentation of it, in your " 
new, and natural Method, muſt certainly be very Þ 
agreeable, 
Cleon. That you may have the cleareſt Idea of this 
Matter, you are to ſuppoſe yourſelf, at the Time of the 
Eclipſe, tranſlated to the Moon; and from thence to 
view her Shadow pafling over the Surface of the Earth, 
which Surface, or Diſk of the Earth, will appear ſixteen < 1 
Times as large, to your Eye placed there, as the full 7 
Moon appears to you here; and all the enlighten'd Sur- 
face of the Earth will, in ſuch a Caſe, be turned directly 1 
to your Eye in the Moon; and you would, in that Caſe, 9 
fee the penumbral Shadow of the Moon gradually com- 
ing on, and traverſing over the upper, or northern Parts 
of the Earth's enlighten'd Diſk, together with the dark 8 
central Spot in the Middle.— This Appearance of the 
Earth's Diſk, as I ſaid before, may be repreſented by a 


| Globe. of any Size, and the Crape to repreſent the a 
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penumbral Shadow, with the Patch .in the Middle to 
repreſent the: dark Shadow, being proportioned thereto, 
will, when the Machine is in Motion, exhibit to you 
very nearly the ſame Appearance as you would obſerve 
from the Moon. — Therefore, in the firſt Place, as it is 
known by Calculation that this Eclipſe will happen 
when the Sun is in the twelfth Degree of Aries, I adjuſt 
the Globe ſo, that that Point of the Ecliptic may be juſt 
in the Middle of the enlightened Hemiſphere, or every 
Way 9oꝰ from the Circle of Illumination, and juſt at that 
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Point of the Ecliptic I place the artificial Sun: Then I 


bring the Meridian of London to paſs thro' the Sun, and 
move the hour Circle till the Index points to XII ; and 
as the general Eclipſe begins about twenty Minutes after 
VII, I turn the Globe about till the Index points to the 
Hour of VII.—And ſince the Middle of the Eclipſe hap- 

ns a few Minutes after X, I move the Shadow on the 
liding Piece towards the left Hand, or weſtern Side of 
the Globe, by a little more than the Space of half the 
Duration of the Eclipſe, which is ſhewn by the Hours 
and Minutes placed on the Slider, each Way from the 
Middle.—Then having raiſed the Shadow, by the Scale 
of the Moon's Latitude placed on the Stem, the Machine 
is ready for Motion. 


Eupbroſ. By all this Preparation, I plainly. perceive an 


Eclipſe of the Earth is at hand. When the Machine is 


in Motion, I cannot help ſeeing, that the Shadow of that 
Crape will very naturally repreſent the Shadow of the 
Moon, as it valſerh over the Surface of the Earth: But 
how do you adjuſt that Shadow? — The Sun ſhines, tis 
{rue 3 but his WO are ſo oblique, that I do not ſee 
ow they are to anſwer the Purpoſe, as they at preſent 
will fall over the Circle of Illumination, when the Globe 
is turned towards the Sun, and ſo the enlightened and dark 
Hemiſpheres will not be the ſame as repreſented by the 

Machinery, | 
Cleon. To all this, the Anſwer is ready and eaſy ;—— 
for the artificial Day and Night may be truly made at any 
Time by the Sun-Beams, or Candle-light : — For if I 
place the Globe toward the Sun, and place a Looking- 
glaſs on the Table, (between the Sun and the Globe) 
inclined in a proper Degree, it will throw the Sun Beams 
parallel 


AND LADY's PHILOSOPHY. 123 


para'le] to the Horizon, and, conſequently, every where 

erpendicular to the Plane of the Circle of Illumination 
by which Mezns, that Part of the Globe will be enligh- 
tened, and repreſent the Day juſt as it is in Nature. 
The fame Thing alſo is to be done by placing a Candle 
in the Focus of a large Lens, or Speculum, which, by 
that Means, will be directed parallel to illuminate the 
Hemiſphere required. But as the Sun Beams are moſt 


natural, and fitted for our Purpoſe at preſent, your Dreſſ- 
ing-glaſs will be the moſt proper to diſpoſe the Rays for 
making the artificial Day, which you can bring me down 
and ſet on this Table. | 

Euphroſ. I will inſtantly go and fetch it ; here it is; 
and, by the Screws, you will place it in the Poſition 
which you know to be neceſſary. | 

Cleon. I have duly placed the Table, and put up the 
Saſh, and now the gun Beams fall on the Glaſs. I move 
it up and down, till ſuch Time I find the Rays go paral- 
lel to the Horizon, and fall on the Globe as they ought. 
—And now, you have nothing to do but to obſerye the 
general Phenomena of the Eclipſe, which, upon my put- 
ting the Machine in Motion, you will obſerve to be as 
follows : | ; 

I. You ſee the eaſtern Edge of the Shadow come upon 
the weſtern Part of the Earth's Surface, and firſt touch it 
on the weſtern Parts of Africa: Alſo, that the eaſtern 
Part of the Shadow gradually paſſes along on the Circle 
of Illumination; and deſcribes a Tract on the Surface of 
the Earth, ſhewing all that Part, whoſe Inhabitants view 
the Sun beginning to be eclipſed at the Horizon, or that 
the eaſtern Limb of the Moon touches the weſtern Limb 
of the Sun, juſt riſing above the Horizon. Bot DOS 

II. Soon after this, you obſerve the vertical Line on 
the Crape (which divides the Shadow into the eaſtern 
and weſtern ' Semi-circle) will come upon the Circle cf 
Illumination, and denote that Tract upon the Surface of 
the Earth where the Sun will appear to riſe with the 
Moon, as far advanced on its Surface as ſhe can be, 
2 where the Eclipſe will appear greateſt of all at Sun- 
riſing. 

II. The Middle of this Line, or central Spot of the 
Shadow, will come upon the ſaid Circle at its Entrance 
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on the illuminated Diſk ; and thoſe who inhabit that par. 
ticular Spot, you will eaſily obſerve, muſt ſee the Sun 
riſe centrally eclipſed. | | 5 
IV. As the Shadow advances, you fee the weſtern 
Part coming on upon the Earth's Surface, and in every 
Part, where the weſtern Edge of the Shadow comes upon 
3 the Circle of Illumination, the Inhabitants of that long 
Tract will obſerve the Sun riſing, with the weſtern Limb 
of the Moon juſt touching the Sun on the loweſt, or 
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go off, or the Eclipſe end juſt as the Sun is riſen.— And 
theſe will be the Appearances of the Eclipſe, at Sun- 
riſing, to the Inhabitants of the weſtern Parts of Africa 
and Europe to the North Pole, or a little beyond it, in- 
cluding a large Space on the Surface of the Earth. 
V. As the Shadow advances, the greateſt Part is 
[ll received on the Surface of the Earth ; but all the upper 
| = Part falls off into the Expanſe over the northern Regions: 


And as it riſes higher and higher above the Plain of the 
Ecliptic, ſo.the Center of the Shadow goes northerly till 
it has deſcribed a Tract, obliquely, from the Weſt of 
Africa to the northern Parts of Moſcovy, where it goes off 
from the Earth. | i | | 
VI. By the black Circles on the: Crape, round the 
Center, is ſhewn how much of the Sun's Surface will 
be eclipſed from the View of the Inhabitants who live on 
thoſe Parts, where the Circles paſs. Thus they who live 
in the Tract of the Center will ſee no Part of the Sun's 
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'Thoſe who live under the Shadow of the firſt Cirele from 
the Center, will view ten Digits eclipſed, or ten Parts 
out of twelve of the Sun's Diameter. Thoſe who live 
under the Shadow of the ſecond Circle from the Center, 
will view but eight Digits eclipſed.. Thoſe who live 
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or half the Sun's Diameter eclipſed, and ſo in proportion 


to the other Circles. | 
VII. Becauſe the Sun's Diameter does a little exceed 
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not be total; but there will be a Ring of Light all round 
on the Edge of the Sun, which occaſions ſuch an Eclipſe 
to be called Annular. In ſome Caſcs, the apparent Sur- 

| | wee 


Eaſtern Part in the Horizon, i. e. they will ſee the Moon 


Diſk, but the Sun will be centrally eclipſed to them. 


under the Shadow of the third Circle, ſee but ſix Digits, 


the Moon's, therefore the Eclipſe, where central, will 


AND LADY*'s. PHILOSOPHY, 125 


face of the new Moon is larger than, that of the Sun, and 
then the Eclipſe is central, and total, 

VIII. You will next obſerve; thers is a certain Point 
in the Meridian of the enlig htened Diſk, a little beyond 
the Pole, which, while the Globe is turning upon his 
Axis, does only Juſt touch the Circle of Illumination, 
but goes not beyond it ; in that very Part they view the 
Sun, in the South Point of the Horizon, neither ſetting 
nor riſing, with the ſouthern Limb of the Moon juſt 
touching it on the northern Edge; and this is the Term 
where the Beginning of the Eclipſe ceaſes at Sun-riſing, 
and begins at Sun-ſet : For, 

IX. When the eaſtern Edge of the Shadow has paſſed. 
this Point, it will come upon thoſe Parts of the Surface 
of the Earth on the eaſtern Side, which are paſſing under 
the Circle of Illumination, into the dark Hemiſphere; 
and in all thoſe Places which are traced out by the Eaſt 
Edge of the Shadow, applying to the ſaid Circle, the In- 
habitants will view the Eclipſe begin juſt as the Sun ſets, 
or they will view the eaſtern Limb of the Moon, and 


7 


; Weſt imb of the Sun touching in the Horizon. 


X. The vertical Line of the Shadow, as it ſucceſively 
applies to the ſeveral Parts of the Circle of Illumination, 
will trace out all that Part on the eaſtern Side of the 
Globe, to whoſe 'Tnhabitants the Sun will appear eclipſed, 
in the greateſt Quantity that can be to them, at Setting; 
and in that particular Part where the Middle of the Line, 


'or Center of the Shadow, touches the Circle, the Sun 


will appear centrally eclipſed at his Setting. 
XI. As the Shadow paſſes on, the weſtern Edge comes, 
by Degrees, on the eaſtern Part of the Circle of Illumi- 


nation, and the Inhabitants of all thoſe Parts which are 


on the Edge of the Shadow, under the Circle, ſee the 
Eclipſe end, or the Moon paſſing off the upper Limb of 
the ſetting Sun. 

XII. During the Paſlage of the Shadow over the 
Earth's Surface, you will obſerve the Earth keeps regu- 
larly moving on upon its Axis, the ſame Way with the 
Moon's Shadow, from Weſt to Eaſt, by which Means it 
happens, that a much leſs Quantity of the Surface of the 
Earth is obſcured by the Shadow, than would have been, 


had there been no diurnal Motion. 
XIII k 
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XIII. With regard to any one particular Place, as 
London, for Inſtance, you will obſerve, that when the 
eaſtern Edge of the Shadow comes upon it, the Eclipſe 

ins; and when the weſtern Edge of the Shadow 
touches it; the Eclipſe ends: And when the vertical Line 
of the Shadow is upon it, the Eclipſe is the greateſt of 
all, and the Circle neareſt to it will thew the Digits 

- eclipfed. | Gf 
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XIV. The Time of any particular Phaſe is obſerved 
for any given Place, v4 the Hour Circle: Thus the 
Beginning of the Eclipſe at London is there ſhewn to be 
a few Minutes after IX, the Middle about twenty Mi- 
nutes after X, and End at about three Quarters after XI, 
and that there will be nearly eleven Digits eclipſed, — 
Such, my Euphroſyne, are the Appearances of a Solar 
Eclipſe, the general Rationale of all which, as exhibited 
in this Manner, I make no Doubt, will be ſufficiently 
evident to you. | VV 8 
Euphroſ. I think, every Particular you have mentioned, 
we may, with proper Attention, deduce from bare In- 
ſpeAion :—But your Leſſon has been ſo long, and con- 
fiſts of ſuch a Number of Particulars, that I muſt take an 
Opportunity of recollecting, reconſidering, and practiſing 
them, at my Leiſure; for though it gives me the higheſt | 
Satisfaction, to have but a general View, or Notion of 
Things of ſo ſublime and intricate a Nature, yet it can- 
not be expected that I, or any one, ſhould at once be- 
come acquainted with the Nature and Doctrine of Eclipſes, 
I think myſelf extremely happy, that I have it in my 
Power to repeat theſe Phznomena whenever I pleaſe, by 
the Inſtruments you have been ſo kind as to provide for 
my Improvement in this Sort of Knowledge. 
Cleon. My Endeavours ſhall never be wanting to give 
vou the beſt Idea of Things in my Power, and, ere long, 
I may put ſomething more into your Hands, that will 
contribute to facilitate your Knowledge of theſe Things; 
but it will be previouſly neceſſary, that you ſhould have 
ſome diftin& Notion of what we mean by the Doctrine of 
thoſe Projections of the Surface of the Globe which we 
call Mays and CHARTS: And this will be the Subject of 
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DIALOGUE XIV. 


On the Nature and Uſe of Geographical ProJzc- | 


TIONS, %ſually called Maes and CHARTS; 
with a Specimen of one of a New Conſtructien, 
comprehending the Weſtern, or Atlantic Ocean, and 
his Britannic Majeſty's Dominions on the Conti- 
nents of EUROPE and AMERICA. 


Cleonicus. 


OU may think it, perhaps, ſuperfluous, my . 
phroſyne, after we have dwelt ſo long on the Uſe of 


the Globes, to trouble you with any Thing more of a 


Geographical Nature; but, as I have hinted to you in a 
former Converſation, the Globes themſelves will not 
ſuffice for all Geographical Purpoſes. On the other hand, 
we are obliged more frequently to have Recourſe to what 
we call Geographical Projections of the ſeveral Parts of 
the Surfaces, on a Plain, which go by the common 
Names of Mars and Sea CHARTS; the former of which 
contain a Part of the Earth's Surface only, the other of 
the Sea Coaſts and Oceans. 
Euphbraſ. You need not be afraid of my being tired with 
ſuch uſeful and pleaſant Studies, as the Science of Geo- 
raphy affords; eſpecially, as I apprehend the Uſe of 
Maps is ſo very conſiderable, that the greateſt Part of our 
Pleaſure in reading Books, that gives us an Account of 
the ſeveral Parts of the World, is derived from thence ; 
for without them, ſuch Treatiſes muſt be very dry and 
unentertaining : "Therefore, let me know as much of 
their Nature and Uſe as you poſlibly can. 

Cleon. I will relate to you every Particular that I think 


can be of Service concerning them; and, in the firſt 


Place, we may obſerve, that they are of two Sorts, 
General and Particular; a general Map is a Projection 


of the globular Surface of the Earth, on two circular 


Planes, which are uſually called Maps of the WorLD. 


The particular Sorts, are only Maps of ſome apo 
| oun- 
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Countries, Sea Coaſts, Seas, &c. How theſe are made; 
J ſhall ſhew in their Order, and obſerve to you, the De- 
 ficiencies and Excellencies of each, and then preſent you 
with a new and general Map, of a Kind that has 
Shane.” Oo On SRL | 

Euphraſ.. Theſe are Particulars I ſhould be very glad 
to be inſtructed in; and, in the firſt Place, pleaſe to let 
me know, how the general Maps of the World are 
formed, . | 
Cleon. I will; but, for this Purpoſe, you muſt call to 
your Aſſiſtance the Power of Imagination, and ſuppoſe, 
that you had a Hemiſphere, or Half Globe of Glaſs, and 
that the Baſe of this Hemiſphere was every where termi- 
nated by the general Meridian that alles through the 
Iſland of Ferro in the weſtern Ocean. Then you muſt 
imagine, that over all the Surface of this glaſs Hemi- 
ſphere, the various Continents, Kingdoms, Countries, 
Oceans, Seas, &c. are all nicely drawn, in Water-Co- 
- Jours, ſo as to repreſent compleatly the eaſtern Hemi- 
ſphere of the Globe, divided by ſuch a Meridian. 
Then, in the next Place, ſuppoſe. a Glaſs Plane were 
placed upon the Baſe of this Hemiſphere, and then both 
placed in a perpendicular Situation to the Eye, you can 
eaſily conceive that all the Parts of the painted Hemiſphere 
will appear upon the Glaſs Plane, as if they were there 
projected by the Rays of Light drawn from every Part of 
the painted Hemiſphere to the Eye. 

Euphroſ. All this I can eaſily image to my. Mind: J 
could wiſh nothing was more difficult than the Power or 
Art of Imagination. But whereabout, and at what 
Diſtance muſt the Eye be placed to view. them as they. 
appear in Maps? For I readily underſtand, that this 
Glaſs Plane, with the Geographical Delineations upon 
it, is the Map you are ſpeaking of. | 

Cleon, That is the very Thing, —The Eye, at a cer- 
tain Diſtance, views the tranſparent Hemifphere, and 
projects its variegated Surface on the Plane : But, 


1 


never 


according to the different Diſtance of the Eye, different 
Sorts of Projections will ariſe, and conſequently different 
Maps of the Hemiſphere will thereby be formed. 

Eupbroſ. Well, but ſince the common Map of the 


World is in all eur Houſes, my Curioſity induces me, 
| firſt, : 


5 
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Hirſt, to inquire, where the Eye is to be placed for view- 
ing the Hemiſphere ſo as to produce ſuch a Map on the 
glaſs FIC ee hint or eons arid . 
Cleon. The Situation of the Eye in that Caſe, my Eu- 
phrofjne, is exactly againſt the Middle of the Hemiſphere, 
and that the Diſtance is half of the Diameter of the ſaid 


4 


| Hemiſphere, or Globe: Thus, for Example, ſuppoſe the 


Globe were twelve Inches in Diameter, then the Point 
of Sight, or Place of the Eye, is juſt fix Inches from the 
Center of the Hemiſphere, —T he Eye, in that Poſitions 


or at that Diſtance, views, upon the tranſparent Plane, 


the Surface of the eaſtern Geographical Hemiſphere ex- 
actly the ſame as you ſee in a twelve Inch Map of the 


World, in the right-hand Circle. 


Euphroſ. I very clearly underſtand your Meaning: 
ant 1 6 0 Rene $2 Map in the lefe;band Carole, 
including America, is alſo formed; you need ſay no more 
to me on this Head, as I am fully ſatisfied of the Manner 
of making theſe Maps: But their peculiar Properties, or 
Character, I ſhould be glad to hear you rehearſe, * 

» Cleon, Theſe Þ willenumerate in Order; and firſt, it 
muſt be obſerved, that the globular Surface of the Earth 


cannot by any Means be ſo repreſented on a Plane, as to 


preſerve that Proportion and Relation of all the Parts to 
each other, as they have on the Globe itſelf; but in this 


common Map, or Projection, we are now ſpeaking of, 


that Proportion and Relation is leſs preſerved, or the 
Countries more diſtorted, than in any other Sort of Maps 
in common Uſe, even to ſuch Degree, that you obſerve * 


the Meridians and Parallels are almoſt twice as near toge- 


ther in the Middle Parts of the Map, as they are on the 
Outſide: Whereas on the Globe, they are every where 
at an equal Diſtance; which Equality of Diſtance ought, 
as much as poſſible, to be obſerved in Maps: Since, when 
thoſe Diſtances are ſo very unequal, the Magnitudes of 
the ſeveral Parts of the Country will vary greatly from the 
Truth, or from the Proportion which they have among 
themſelves. Thus, for Inſtance, the Iſle of Madagaſcar, 


— — * 
— — * — 9 We 


»The Reader is here ſuppoſed to have his Eye upon one of 
thoſe common Maps of the World, as that in the Beginning of 
valmon's Geographical Grammar, c. SIRE 
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in the Middle of ſuch a Map, appears near four Times 
Jeſs than it would do if placed on the Outſide; and the 
Iſland of Great Britain, near the Meridian, appears, in 
Proportion, as much larger than what it would do placed 
in the Middle of the Map. —Not only, therefore, the 
particular Dimenſions, but alſo the Bearings, Diſtances, 
and other Geographical Relations of Places; are hereby 
very much perverted, which, as they give wrong Ideas 
of Geography, and lead the Mind to Error, muſt cer- 
tainly prove this Sort of Map of very ill Conſequence to 
the literary Republic, and fit only for the Amuſement of 
ignorant Perſons. | | +, Te. 
Euphroſ. If thoſe Maps juſtly deſerve ſo bad a Cha- 
racter, as you have plainly proved, I would be glad to 
know how they came into ſuch general Uſe ? 
Cleon. It is in this as in all other Caſes ; bad Things 
generally have their Rife in Ignorance, and are con- 
tinued by Cuſtom. | 


Cuftom, that Mankind into Slavery brings; 
The dull Excuſe for doing filly Things. 


RosCOMMON, 


And there can be no other Apology for ſuch a vicious 
Sort of Maps, which are the ſtanding Opprobrium of the 
learned World ;—but of theſe we have faid enough, and 
more than they deſerve, _ OE: 

Eupbroſi What Sort of Projection, or Map, would 
you then recommend as approaching neareſt to the Pro- 
perties of a Geographical Map on the Globe? 

Cleon. To this I will give you an Anſwer in few 
Words :—— There are certain Poſitions of the Eye, in 
which the Meridians will be projected, on the tranſparent 
Plane, at equal Diftances from each other ; but there is 
no one Poſition of the Eye in which they appear fo. 
However, it was always eaſy, by the Rules of Art, to 
draw them in this Manner, as well as all the Parallels, 
equally diſtant in the middle Parts of the Map; and 
fince, in this Caſe, the Inclination of Meridians is every 
where the ſame as on the Globe, and the Diſtance of the 
Parallels in all the middle Parts the fame as on the Globe, 
therefore this Projection has deſervedly merited the Title 
it bears, viz, the Globular Projection, or Map of the 
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World—of which this is a particular Specimen *, which 


I preſent to you for your Uſe. 


Euphroſ. I am greatly obliged to you for this curious | 


Preſent, and for the Care you take that my Ideas are 
formed on the juſteſt Plan. I can, indeed, ſo readily 
erceive a Dilltencs between theſe and the common 
N that I cannot but wonder how one of ſo much 
Beauty, Elegance, and Truth, ſhould have been ſo little 


regarded, in Compariſon to that vulgar, erroneous, and 
deformed one in common Uſe. 


I can eaſily perceive, 
that in this new Map 'of the World, the Countries have 
the ſame. Proportion, nearly, as they have on the Surface 
of the Globe, ſo much, indeed, that when I compare 
them with the Globe itſelf, I can ſcarcely perceive the 


Difference.—Pray, what other Maps of the World are 


there, beſides thoſe you have already mentioned ? 
Cleon. There are none of general Uſe; ſome have been 


made, by e the Surface of the Earth on the 


Plane of the Horizon, which have their particular Uſes. 
Others are made on a particular Scale, called Merca- 
tors Projection; in which the Meridians are all ſtrait 
Lines, and parallel to each other; and in which the 
Degrees of Latitude increaſe in Proportion as the De- 
grees of Longitude decreaſe, in going towards the Poles; 
but theſe are chiefly in Uſe in Navigation, though not 


altogether unworthy the Notice of any young Lady, or 


Gentleman, inclined to Philoſophical Studies. I need 
not inſiſt any longer on the Nature of general Maps, or 
their Uſes in finding the Latitude, Longitude, Sc. of 
particular Places, ſince theſe are common Topics you 


are, by this Time, full well acquainted with +, 


rn * mY 1 


6 


* See the New GLoBuLar ProjECTION, or Map of the 


World, with a Solution of all Geographical Problems, in a 


circular Space about each Hemiſphere : Alſo, the Map of the 


World at the Beginning of the Philo/ophical Geography, 


Page 33: 
+ Such of our Readers who deſire a more particular Illu- 


ſtration of this Affair, may pleaſe to caſt their Eye upon a 


Diagram in Plate 39, where ABD 1s the Hemiſphere above 
deſcribed, and A CD the tranſparent Plane on its Baſe; the 
Point E is the Place of the Eye, to view the ſeveral Parts of 
that Hemiſphere upon the Plane, according to the common 

| we | Projection, 
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4 Buphroſ, You intimated, there were different Sorts of 


particular Maps: I ſhould be glad to know their Dif- 
Frence/andPeculiarities, 7 7 020000 1 | 


* 


— 


98 


Projection, that is, E C is equal to AC. The middle Point: 


of the Hemiſphere at go? will be projected on the Point C in 


the Glaſs Plane; and if from the Point V the Line VE be 
drawn, it will repreſent the Ray of Light projecting the 80 
in the Point N; and if from the Point S we draw 517 8E, 
it will be that Ray of Light which projects the 1029 upon the 
Point P in the ſaid Plane. Now from a Table of natural Tan- 
gents it may be ſhewn, that A P, the Projection of 10 on the 
Side of the Plane, is almoſt twice as large as NC, the pro- 
jected Diſtance of 10 in the Middle of the Plane; and if 
Lines were drawn from E to 2o, 30, 40, 50, 60, and 70? in 


the Hemiſphere, they would interſect the Plane in the dotted 


Lines which you ſee placed there by the ſame Numbers, and 
the Intervals between thoſe Lines on the Plane will be all 
unequal : But theſe are the ſeveral Points through which the 
Meridians are drawn, which ſhews the Reaſon why all the 


Meridians are at unequal Diſtances in the Equator of our com- 


mon Maps. | | 
But if yon now caft your Eye on the other Side of the Hemi- 


ſphere, you will there perceive the Line C D divided into 9 
equal Parts, and the 80% at W will be projected on the Point 
M in the Plane, by a Ray drawn from W to the Point M, and 
meeting with the Axis of the Hemiſphere (continued out) in 
the Point G, which, therefore, will be the Place of the Eye in 


this Caſe. : Then, on the Hemiſphere, from 109 at T draw a 


Line through the Diviſion at Q this will meet with the Axis 
of the Hemiſphere in the Point F, Where the Eye muſt be placed 
from the Projection of the firſt 109 ; and ſince all the Intervals 
are equal between Q and M, the dotted Lines paſſing thro? 
their Diviſions, there marked and directed to the correfpondent 
Numbers in the Quadrant DB, will all be directed to Points 
between F and G; and therefore, in Caſe of the globular Pro- 
jection, the Eye has not one Poſition, but muſt be conceived 
to move through the Space F G, to view the ſeveral Parts 
which lie between P and B, in the ſame Proportion and Di- 
ſtance on the Plane C D, as they have in the Hemiſphere itſelf 
between D and B, If the Radius of the Globe CE be ſup- 
poſed to conſiſt of 100 equal Parts, then C F will be 160, and 

C G will be 175. 
If the Eye be ſuppoſed removed to an infinite Diſtance, then 
will all the Rays which proceed from the ſeveral Diviſions 
| I 9g 


* W . 
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leon. Fheſe, with reſpe& to particular Places, are a 
much juſter Repreſentation of them than general Maps 
can be; for, if only one Kingdom or Country is to be 
repreſented, this may be done, nearly, with as much 
Truth as on the Globe itſelf, and is of much greater 
Advantage in one Reſpect than even the Globe, as it 
will admit of a" much larger -Scale, and, of Courfe, 2 
more ſpacious, diſtinct, and exact Delineation of any 
ſuch particular Country. | 

Euphroſ. This I immediately ſee the Reaſon of, ſince 
a ſmall Tract, or Area, on the Surface of a Globe: dif- 
fers very inſenſibly from a Plane. Thus, the circular 
Space of ten Degrees on the Surface of a twelve Inch 
Glove, differs but very little from the Plans, and yet 
comprehends the Ifland' of Great Britain, and all the 
adjacent Count y and Coaſt about it. On larger Globes, 
it muſt differ ſtill leſs from a Plane; and therefore the 
Parts of Great Britain, the Engliſh and Iriſb Channel, 
German Ocean, Ac. when laid down from a large Sale: 
muſt be conſidered as Part of the Surface of a very large 
Globe. 

Clean. What you obſerve is very juſt, and you may 
eaſily know how large the Globe mult be, to have the 
Country of the ſame Dimenſions upon it as you ſee in the 
Map. — Thus, for Inſtance, if you ſee a Map in which 
the Degrees of Latitude on the Side thereof are juſt one 
Inch in Length, then a G'obe, of which that Map is 
Part of its Surface, will be ten Feet in Diameter; 25 
there will be 360 Inches in its Circumference ; becauſe 
each Degree is one Inch in Length, and the Diameter of 
ſuch a Globe being a third Part 'of its Circumference, 


10, 20, 30, Se. as SI, V K, will be parallel among them- 
| ſelves; arid therefore the project: on of 109 in the Middle of 
| the A es 4atd by the Ray V K, will be R © egual to VB, 

the Sine of 1»: But on 5 Side of the Hemiſphere the Pro- 
jection of 1 5, by the Line 8 I, is no more than A, which 
i is the vert ed Sins of 10®, and is very ſinall in Com pariſon of 
| RC in the Middle. In this Projection, the Meridians are 

Eiliples, and conſtitute the Analcmn:a,' or Orthos; aphical Pro- 
5 jection of the Sphere, of conſiderable Uſe in Aironomy, and 
Will be hereafter more fully explained, 


5 8 K 
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nearly, or 120 Inches, which is juſt 10 Feet :—There- 
fore a Map, where the Degrees of Latitude are half an 
Inch in Length, will be the Part of the Surface of a 
Globe half ſo much in Diameter, or five Feet :—If the 
Degrees in a Map are £ Inch each, the Diameter of the 
Globe will be thirty Inches. On the other hand, if 
the Degrees of Latitude are two Inches long on any 
Map, then ſuch a Map is Part of the Surface of a Globe 
twenty Feet in Diameter, and ſo in Proportion for De- 
grees of any other Length. ">, | 
' Euphroſ. By this, I am at once convinced of the great 
Utility of particular Maps of Countries, fince they pre- 


| ſent us with a juſt View of the ſeveral particular Parts of 


the World, as they would appear to the Eye on the Sur- 
face of ſuch very large Globes, which it is not in our 
Power to have, _—— | 5 
JCleon. But beſides what you have now very pertinently 
obſerved, there is one conſiderable Advantage accruin 
from ſuch particular Maps which we could by no other 
Means become poſſeſſed of: — I mean, that in ſuch Maps 
we can eaſily expreſs the true Form and Dimenſions of 
Countries, together with the Lengths of the ſeveral De- 
rees of Latitude in the ſame Proportion as they lie on 
the Surface of the Earth itſelf, that is, on the Surface of 
a Spberoid, and not of a Sphere or Globe: For, as any 
Globe we are capable of making will be much too ſmall 
to ſhew that Difference which would be very ſenſible in 
Globes of 20, 30, or 40 Feet in Diameter, we till en- 
joy that Advantage in Repreſentations of the particular 
arts of ſuch very large Globes, in our common Geo- 
graphical Maps of Countries, : | 
Eupbroſ. If I underſtand you right, our Maps of 
Countries ſhould be taken from the Surface of a Spheroid, 
and not a Sphere; and that the Degrees of Latitude in 
them ſhould not be preciſely equal, as we find them in 
common Maps. F | 
Cleon. That is the Caſe, Our Maps are ſuppoſed to be 
the Repreſentations of Spheres, when they might, at the 
fame Time, be as well made to repreſent a Spheroid of 
the ſame Dimenſions, wherein not only the Degrees are 
of an unequal Length, but likewiſe the Extent, Situa- 
| | tion, 
* 


2 
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tion, and Form of Countries are very different, on a 
Spheroid, to what they are on a Globe, Thus, for In- 
ſtance, the Situation of England, on the Surface of a 
Spheroid 10 Feet, is almoſt a whole Inch nearer to the 
Equator, than it is on a Globe of the ſame Diameter: 
Alſo, a Map of 10 Degrees Extent, in the middle Parts 
of the temperate Zone, will be larger than one of 10 De- 
orees Latitude near the Equator, and leſs than another of 


' 10 Degrees within the polar Circle ; whereas, our com- 


mon Maps of 10 Degrees Extent, for any Part of the 


Globe, are always equal. 


Eupbroſ. Such a material Point as this one would think 
would greatly excite the Curioſity of all the Critics in 


Geography; and I wonder it has as yet been fo very 
little attended to. | 


Cleon. It would be a Wonder with every one, as well 
as with yourſelf, were it not conſidered how great the 
Difficulty is to conquer any Ag ey by com- 
mon and univerſal Practice. ur Logic extends to 
little more than this: They have ever been made fo, and 
therefore they ever muſt. And our very Critics themſelves 


have ſo much Candour and Ingenuity as to treat every 


Thing with a ſupercilious Sneer, and to repreſent as 2 
Novelty, of no Importance or Uſe, whatever they have 
not the Fortune to hit upon themſelves : However, we 
ſhall always find Numbers who are candid and judicious 
enough to encourage any Invention which tends to the 
Perfection of any Art or Science, though there were 
nothing elſe to recommend them: It has been largely 
ſhewn, that the Diſcovery of the true Figure of the 
Earth is of this Kind, and that Geography, Navigation, 
Aſtronomy, and many other Sciences, receive very great 
Improvements in many Particulars from jt : And therefore 
ſuch a noble and important Diſcovery ought not to be 
omitted, or neglected in our Maps; for which Reaſon, a 
New SYSTEM of GEOGRAPHY, for the Uſe of our 
Britiſh Youth, whoſe Maps are all formed upon a Plan 
of the new Diſcoyery abovementioned, becomes abſolutely 
neceſſary, if we regard either the Truth or Honour of 
this delightful Science of Cy. 

 Euphro. Such a Set of * ſhould greatly rejoice 
1 1 to 
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to ſee *, as I have no Notion of being ſatisfied or con- 
tented with a bad Thing, when better may as wel] be 
had; for I apprehend there is no more Expence or Dif- 
ficulty attending the one, than the other. 

Cleon. There i is not in the leaſt ; and you will ſhortly 
be gratified in this Reſpect. There is yet one other 
Species of particular Maps, which is quite of a zew In- 
vention ; and as it is a great Curioſity of this Kind, and 
no Map has been hitherto conſtructed on the Plan, L have 
been at the Trouble of drawing one myſelf, on Purpoſe 
to make you a Preſent of it, as I wiſh to have nothing 
new or curious go beſide you, or coine to you at Second- 
hand. 

Euphroſ. Pray, let me look at it. It ſeems to be an 
elegant Deſign; and differs manifeſtly. from the Ap- 
pearance of other Maps; but in ſuch Particulars, as I 
can hardly tell what they are. I ſee it is very capa- 
cious, and takes in large Tracts of the Continent of Eu- 
rope, Aſia, and Africa, on one Side, and of North Ame- 
rica and the Maſt- Indies on the other Side, with a View 
of all the Atlantic Ocean between them ; and yet, methinks, 
the Map is not large, for ſuch an extenſive View. 

Clean. There is ſomewhat very ſingular in the Con- 
ſtruction, as well as the Form of this Map. Would 
you ever have thought of a Repreſentation of the Surface 
of the Globe, by a Part of the Surface of a Cone? And 
yet you will eaſily underſtand that this is the Caſe in 
regard to the Map under Conſideration; for you ma 
plainly ſee, that the Form of the Map itſelf beſpeaks it 
to be a Part of the Surface of a Cone ;—and the Surface. 
of a Cone, you know, may be eaſily formed of any plain 
Piece of Paper, cut into a circular Form or Baſe; and 
you will as eaſily conſider, that if a Cone, about twice 


the Height of the Semi- diameter of the Globe, were to 
| be 


4 1 


The *. SYSTEM af Grocraruy, for the Uſe of 
Schools, is that which is now publiſhed under the Title of 
PHIL OSCPAICAL (ZzEOGRAPHY., In which all the Maps are 
ſtrictly che Repreſentations of ſo many Parts of the /pheroidicol 
Figure of the Earth, and the Degrees of Latitude divided into 
Hnutes; alſo the Difference between thoſe Degrees, as they 
lie on the Spheroid and Sp; ere, is ſpecified in every Map. 
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be conceived as ſtanding on the ſame Baſes with the He- 


miſphere, that is, on the Equator, the Surface of ſuch a 
Cone would in Part lie within the Surface of the Globe; 
and then, nothing can be eaſier than to ſuppoſe that the 
Surface of the Globe, at fo ſmall a Diſtance from the 
Surface of the Cone, might be very eaſily projected and 
delineated upon it; and in ſuch a Caſe, the e 
of the Countries, and their Bearings, Diſtances, &c. 
will be nearly the ſame on the Surface of the included 
Part of the Cone, as on that of the Globe itſelf; and 
when ſuch a geographical conic Surface is cut out, and 
expanded, it makes the Map which you have in your 


 Hands,—The principal Peculiarities of this Map are as 


follows; 
J. All the Meridians are right Lines, but converge 


towards the Vertex of the Cone, as the circular Meri- 
dians on the Globe converge to wand the Pole. 4 

II. The Diſtances, North and South, are exact; and 
any Meridian will ſerve as a Scale, to meaſure theſs 
Diſtances by, in this Reſpe& ; ſo far as the Map extends, 
it is, indeed, as true as the Globe, on which the De- 
grees of Latitude are all equal ; but neither this, or any 
other Map, or Chart, can have the Diſtances, North 
and South, ſo true as thoſe which are made from a Pro- 
jection of the Spheroid, as I have before obſerved to you. 

III. The Parallels of Latitude, in this Map, are all 
Equi-diftant, or truly parallel to each other, as they are 
on the Globe. 0 

IV. The Meridians and Parallels interſect each other 


| at Tight Angles, as on the Surface of the Globe. 


V. As ſuch a Cone, on which this Map is made, is 
frrpolt to paſs through the Surface of the Globe in two 
Places, the Parallels of Latitude, in thoſe Places where 
the Cone interſects the Globe, will be the ſame in the 
Map as on the Globe itſelf, i. e. all Diſtances Eaſt and 
Weſt may as truly be meaſured upon them; which Paral- 
fe in the Map before you, are thoſe of 20 and 50 

atitude. 

VI. But ſince the Middle Part of the Map on the 
Surface of the Cone lies within the Globe, the Meri- 
dians on that Part of the Globe will be at a greater Diſtance 


ſen 0 on Parts of the Meridians projected. 1 on the Map, 


and, 
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and, conſequently, the Parallel of 355, and thoſe near 
it, will be deficient from the Globe, or give a leſs Di- 
ſtance than what is juſt ; or any two Places on the Mid- 
dle of ſuch a Map muſt be repreſented ſomething nearer 
together than they are upon the Globe, if their Longi- 
tudes be exactly expreſſſe. 1 

VII. On the other hand, thoſe Parallels which termi- 
nate the Map have an Error in Exceſs: Thus the Parallel 
of 10 and 609, as they are projected from Parts of the 
Globe which lie within the Cone, muſt have a greater 
Space between the Meridians than their correſponding 
Parallels on the Globe have: And thus, Places in thoſe 
Parts of the Map are repreſented at too great a Diſtance 
from each other. | | 

VIII. The quadrangular Spaces formed by the Meri. 
dians and Parallels, have their Diagonals equal to each 
other, as on the Globe itſelf ; which is a Property pecu- 
liar to this Projection, which is not a rectilineal one. 

IX. The Quantity of Surface repreſented on this Map 
is exactly the ſame as that of the ſame Extent on the 
Globe itſelf, and therefore differs no more from the Truth 
of the ſpheroidical Projection, than a Globe does from a 
Spheroid, which is the true Figure of the Earth *. 

X. As the Errors in one Part of the Map are in Ex- 
ceſs, and the other in Defect, and the Extent of each 
nearly equal, they will, upon the Whole, in a great 
Meaſure compenſate each other, and are in general of the 
leaſt Quantity they can have in the Map deſigned. 

XI. As a Thread extended from any one Place to an- 
other, on the Map, will, when the Map is reſtored to 
its conic Surface, ftill paſs through the ſame Points, 
therefore the ſhorteſt Diſtance between any two Points 
on this Map is the right Line that joins them; and there- 
fore ſuch Diſtances applied, by the Compaſſes, to a gra- 

. | duated 
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ſtruction of this Map, and the ſeveral Properties here enu- 
merated, deduced therefrom, we have thought proper here to 
add it by Way of Note, and to illuſtrate the ſame with a pro- 


Diagram. 
Fe” The 
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duated Meridian, will very nearly ſhew the true Diſtances 
of the Place repreſented in Degrees, Miles, or Leagues, 
as is done by the Quadrant of Altitude on the Surface of 


the Globe itſelf, Rr 
DP, N C 
—— —— Hs — ——— — 

The learned Au- | 12 
thor of this Inven- 


tion has given us 
the Theory there- 
of from Archimedes; 
but as we can ealily 
derive it from eur | | * 
own Inſtitutes, we : 
apprehendthat will | 
be moſt agreeable 


to our Readers. 
Let EMP be the 
Quadrant of a Me- 
ridian of a Globe 
twelve Inches Dia- 
meter; whoſe Cen- 
ter is C, and Pole 


P. EI, E L, the 2 
5 


Latitudes of two 


Places in that Me- 
ridian ; E M their 
middle Latitude. ff 
Draw C M and 
therein find r TOY 


* 
= — 
— 
: 


Center of Gravity | 


(x) of the Arch LI, (by 1077) and thro* x draw Qt perpen- 


dicular to CM, it will interſe& the Arch L/ in the Points y 


and z equidiſtant on each Side from the Point M. Laſtly, in 
the Line Q z, make x R, and x r, equal to the Arches ML 
and MI, reſpectively; then the conical Surface generated by the 
right Line Rr, awhile the Figure revolves about the Axis C t, 
will be equal to the Surface of the Zone of the Globe that is de- 
ſeribed at the ſame Time by the Arch L MI, (by Inſt. 1085.) | 
For Example, by the Problem (Inſt. 1077) we have Cx= 
CMxLB | 
1 | 
to its Sine LB, % is Radius CM t Cx, the Diftance of the 
Center of Gravity x of twice that Arch, L I. 
In this new Map, the Extent or Difference of Latitude is 
$a = LI; therefore ML = 25˙ = , 6179 Inches to a — 


which gives this Analogy ; as any Arch ML i 
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XII. In Maps of this Kind, which are but of ſmall 
Extent in Latitude, as 10, 15, or 20, the Errors in 


Geography will be extremely ſmall, and may be looked 


upon as ſufficiently exact for any common geographical 
Purpoſes. 3 


I might enlarge further on the Novelty and Peculiart- 
ties of this Map, and ſhew its Uſe likewiſe as a nautical 


Chart ; but as theſe Things will not immediately concern 


you, 1 ſhall wave them for the preſent, as I fear I have 


almoſt tired your Patience already, by fo tedious an Ha- 


rangue. . Es 

Euphroſ. You know my Propenſity to Science, and 
the Pleaſure I take in being acquainted with all new and 
uſeful Inventions, will ever render your Diſcourſes, on 
ſuch Sub ects, grateful and acceptable: And as this Map 


is not only ſingular in its Kind, but likewiſe contains ſo 
large a View of all the Continents of the World, and 


that Part of the vaſt Ocean which England is more par- 


ticularly intereſted in, it gives me the higheſt Pleaſure to 


peruſe 


—_ be —Y 


of 6 Inches (ſee Inſt. 885.) Alſo, the Sine B L of the ſame 
Arch is 2,5358 Inches, therefore ſay, _ 


As the Arch M L = 2,6179 —  0,417953 

Is to its Sine BL=2,;358 —— 0,404099 

So is Radius CM =6 — 0,77S151 
I, 182250 1.4 


To the Diſtance C x = 5,8116 —— 0,764297 


So that the Side of the Cone Q; falls within the Zone L M1 


about 4 of an Inch = M x, which is the verſed Sine of 145 
24/ = MZ or My. | 3 
From this Conſtruction it is evident, that in a Map made on 


the conic Surface between R andy, the Diſtance of the ' Meri- 


dians in the middle Part at x will be leſs than on the Globe at 
M; and on the extreme Parts at Rand , they will be wider 
aſunder than on the Zone of the Globe at Land J; and laſtly, 
at z and y they will be equidiſtant on the Cone and Globe. 
It is farther evident, that as the Point M advances to the 
Equator E, the Point / will arrive at and paſs the Equator into 


ſouthern Latitude; till at laſt the Point M coincides with E, 


the Cone becomes a Cylinder, and the Map takes in equal De- 


s of both Latitudes, but its Properties otherwiſe continue 
the ſame. Upon the Whole it appears, that a Map in no Kind 
of Projection can be fo true and perfect as on the Globe ielt, 


a 


TH 


ar 
1 27, ABLE 
> 


were 


9 
UTP 
Vit ts 


7 
* 


N 
* 


. 
n 
8 


xv 


FLA 


rs — _ ft A A 1 


Ae Vetv CEOGRAPHIOAL - 
„„. of the © 
ATLANTIC OCEAN with t 


Of JoLong® Jo Y. 


' 0. 


- Cary Vun [Is 


% 
E 


Jurface of a CONE Invented ty t ——— 5 ——— 813 . 
CMMURDO CH & deseribed be Phil: Srans: . Lowry Vext from London II 
. | L. 1758. „„ 


Frgravd por The General gez re, or” Arts * cen Pry 


* 


8 => . EC Re. S . n . - Ly oe r ky r Cl 
n op. A Fs Sor IE) r 8 . r os OI ISLET 
T7 8 Lon TS n 2 os FUE Ar 5 1 Naku Boe N 1 e r 7 7.0 4) 4 ENG AO. LIES LSE N Fa; R * = 
E A Dee (ONT IO r Aoeet5 RR AIC s 5 S > Gs COOK . 5 / 
JESS: 1 #2 8 I F r 8 g n f F r 


n 


— 


OAL MAP or CHART 
ve AE 


with te Continents 7 | 18 * ; 
E AMERICA te: ,_— NY EEC Ne ZI $:; 


1 Jede of 


ES 

| 2 e US the No 
— 8 Prot MAP FD 

. CHART of Hts Kend | 

—_ er Publizhed. Engraved by — 

dn T L— nas: "Bowen Geographer to . flache 

| . | C & |} 


Frionceager W Owen at Temple Par req. 


1 


WY, 


. 


2 


. 


F755 , b 1 
e 1 > IIA : 
E EH 


C 
<7 es OS or aged Ret "Ma 
= 4 17 LOSER A 7,17 * CADET IS. WIE" 
PP CIR Ae IS LOR WIR 188 . 
2 '. 88 = = a 


0 r 
a 


” „ I _ o 
"- DE G _ 
y _ 1 Wis 4 * 
— 4 \ - I "7; 4 
1 of 4 ts 51 
C » 4 * 0 oy 


2 
La 2 
ä Os e 8 SH 24 37 
Er i FE td þ 
* 88 
Em a 7 
* 7 


thoſe moſt 
Cleon. When they are finiſhed, others will offer equally 
agreeable ;* but there is, my Euphroſyne, one Phænomenon 
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peruſe it. =I here ſee our Situation with reſpect to 
neig 8 Nations, and other Parts of the World. 


L view his Britannic Majeſty's Dominions in all Parts of 


Europe and America: 1 ſurvey the Coaſts, Roads, and 


Tracts which our Fleets purſue in their deſtined Depart- 


ments in the remoteſt Parts of the World. The 
Ocean is chequered with Iſlands, the Azores, Madera, 
Cape Herd, Canary, the Bermudas, the Caribbee and Baha- 
ma iflands ; with the African and American Coaſts.— 
In ſhort, I ſhall always look on this Mp as one of the 


greateſt Curioſities in my Poſſeſſion, eſpecially as it is 


an Improvement in that Science which of all others, 


though the moſt uſeful, has been the moſt neglected by 


Men of Genius a Learning, as you have more than 
once informed me. 


DIALOGUE XV. 


The various Phznomena of the Transir or Venus 
over the SUN, June 6, 1761; together. 2vith the 
Uſes thereof, in diſcovering the PaRatLAX and 


Diſtance of the Sun and PLAN RTS: Exhibited and 


Huftrated by the TERRESTRIAL GLOBE," and an 
|  oftronomical Diagram. 


Cleonicus. | 1 


HE Drift of my Endeavours, in all our pal Con- 
verſations, has been to embue your Mind with the 
Principles of Aſtronomy and Geography, ſo. far as they 
could be ſuppoſed uſeful and becoming to one of your 


Sex; and my Experience has ſatisfied me, that thoſe 


Top cs have afforded you an agrecable Amuſement and 
Pleaſure. 
Euphroſ. Indeed, Cleoni cis, they have; „ and 1 mall 


always reckon the Hours, ſo ſpent, make the happieſt and 


moſt pleafurable Part of my Life :—I begin to ſuſpect, 
by what you ſay, that you are coming to a Conclufion of 
| entertaining Studies. 


I yet 
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to come, that is both of an aſtronomical and geogra- 
phical Nature :—A Phænomenon by far the nobleſt that 
all Nature affords, and on which the greateſt Things 
depend :—It-is what I was the other Day mentioning to 
ſome Gentlemen when you was in Company, and I ob- 
ſerved you paid a more than ordinary Attention to' it at 
that Time. We 
Euphroſ. You need ſay no more, Cleonicus; I recollect, 
and ſhall never forget what you told us at that Time, of 
the Tranfit of Venus over the Sun's Diſk. —T can affure 
you, it has been in my Thoughts almoſt ever ſince; and 
there is ſcarce any Thing at which J more rejoice, than 
the Thoughts of its being ſo near at Hand, though, from 
ſome Part of your Diſcourſe to thoſe Gentlemen, I am 
afraid of two Things : The firſt is, whether we may be 
permitted to enjoy ſo curious a Sight, on Account of the 
Weather ; and, ſecondly, whether I may be capable of 
underſtanding ſo much of the Nature of it, as to be ap- 
prized of its great Uſefulneſs and Advantage to Mankind, 
dn which you then fo largely deſcanted. _ ; 
Cleon. The firſt of your Fears it is not in my Power to 
remove, we muſt hope for the beſt; I am as full of Ap- 
prehenſions on that Account as you yourſelf can be: No 
Event to Aſtronomers will be ſo malignant and diſaſtrous 
as a cloudy Day on the 6th of June, 1761; — Avert it, 
Heavens ! ought to be the Prayer of all that wiſh well to 
the Sciences. — But as te the other Affair, your Capacity 
of underſtanding the Circumſtances of this Phænomenon 
(excepting the Mathematical Part only) is out of Diſ- 
pute, eſpecially when you are aſſiſted by the Uſe of the 
terreſtrial Globe, and a proper Diagram repreſenting the 
Motion and Parallaxes of thoſe Luminaries © 
Eupbroſ. You are always ready to encourage me in the 
Purſuit of theſe Studies ; but-in regard to this particular 
Phznomenon, I obſerve, you make Uſe of ſome Words 
of which I bave not the leaſt Idea; the Parallaxes of 
Venus and the Sun, which ſo frequently occurred in your 
Diſcourſe, are what I know nothing of.—You told them, 
that the Parallax of Venus would be diſcovered by Means 
of that Tranſit ;——that by the Parallax of Venus, the 
Parallax of the Sun would be diſcovered ;—that the Paral- 


lax of the Sun being known, the Diſtance of the * 
an 
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' and all other Planets from the Sun, and ftum each other, 


would become known alſo.— Theſe are great Things, 
*tis true; but as they all reſult from Parallaxes, it is at 
preſent all parallatical Myſtery to me. £463 e 

Cleon. Vou ſeem to be much gravelled with the Word 
Parallax, my Euphroſyne; I own, it is Greek, and has a 
harſh Sound: But this is not the only Gree: Word that 
has a harſh Sound, and an eaſy Signifcation ; for the 
Idea it conveys is as ſimple and as eaſy as any Word can 
poſſibly have: —It means nothing more than the Dif- 
ference of Place in which any Thing will appear when 
ſeen from two different Poſitions of the Eye, as will be 
eaſy to illuſtrate by Example. take this Candle and ſet 
it on a Table againſt the Wainſcot, on the other Side of 
the Room Ren: as you ſit on that Side the Fire- 
place, and I on this, if we both look at the Candle at 
the ſame Time, we each of us ſee it in a different Place, 
or on different Parts of the Wainſcot; for the Place here 


meant is not the real Place of the Candle, but that on 


which it appears on a Plane, placed on one Side or the 
other: — and thus you may conceive, if an Eye was 


placed in the Center of the Earth, and another on the 


Surface, and both together were to view the Planet Yenus 
as ſhe paſſes over the Sun, then the Face of the Sun is 


to be conſidered as a Plane placed beyond the Planet, 


and on which the Planet will appear in two different 


Parts, as viewed by the Eye in two different Poſitions, 


viz. the Center and Surface; and this Difference of 


Place is what we call the Parallax of that Planet. But 


this will be much eaſier to conceive from a Diagram, in 
which you will, by and by, ſee this whole Affair repre- 
ſented. —At preſent, your Buſineſs muſt be to familiariſe 
this Phenomenon. to your Mind, by a Repreſentation 
thereof, under all its various Circumſtances, by Means 
of the terreſtrial Globe, in which you will find no Sort 
of Difficulty. N - 

Fuphroſ. You will firſt put me in a Method how I 


muſt go about it; for without ſome previous Inſtruction, 


notwithſtanding all you have ſaid concerning the Uſe of 
the Globe, it will fill remain uſeleſs to me in this 
Particular, | 


IX * _ 
2 1 — 3 5 * * 3 0 Was 8 9 5 
— ö COB —— 2 LE * Apa 3 0 b 83 2 y 
—— — 1 — - — — 2 > oc; % 
_ —_ G - * — 4 any? * 2 - . i 
— __ TIE a — — — 9 : 
— D N q OE IN - < * —— * -"" I 4 l 
p 2 n ' * 
. a 1 3 N. , - 
P Ss I SCrba dal: FA. TY P 0 
bes SL taping 9 _—_ 
"Cr 
: 
% 


144 THE YOUNG GENTLEMAN 


Cleon. What you now ſay proceeds only from your not 
conſidering one Thing, viz. that the Subject, or Tran- 
ſit of Venus, is on the Face of the Sun, and, conſequently, 
that you have little more to do than to practiſe thoſe Pro- 
blems over again which require you to find all thoſe 
Parts of the Earth where the Sun is viſible in the Meri- 


ef 


dian, or in the Horizon, as Riſing or Setting, on any 


iven Day or Hour. Un Sen Ht 1 
Eupbroſ. By what you now ſay, I ſuppoſe tlie firſt 
Thing I have to do is to find the Sun's Place in the 
Ecliptic A vet 6, 1761: But to what Hours of that 
Day is the Problem limited? l en 

Cleon. The Moments of the Beginning and End of the 
Tranſit are the principal Times to be regarded, and all 
the Time between them, of Courſe:— Theſe Moments, 
according to the ſagacious Dr, Halley's Account, are 24 
after two o' Clock in the Morning for the Beginning, 
and End at 29“ after IX in the Forenoon, 7. e. Venus 
will be ſeen a round black Spot in the Face of the Sun, 
touching the eaſt and weſt Limb thereof at thoſe Mo- 
ments, juſt in the Manner you ſee here repreſented in 
this Print, of which more by and by. — But to return 
to the Globe: As the Tranſit begins at the Time ſpe- 


cified, the firſt Thing you have to do will be to find all 


thoſe Places of the Earth where the Beginning of the 


Tranſit will be viſible. 


Euphroſ. In order to that T obſerve, for the given Day, 
the Sun's Place is in the 169 of Gemini, and its Decli- 
nation 220 30 .- Now, as the Globe muſt be rectified 
to that Degree of Declination, I muſt bring the ſaid 
22 30 on the north Part of the Meridian to the Hori- 
zon: Then I bring the City of London to the Meridian, 
and hold it there while I place the hour Index to twenty 
Minutes after II in the Morning :S—— This done, I 
revolve the Globe till the Index points at the Hour of XII, 
and then I obſerve that all the Hemiſphere above the Ho- 
rizon will ſee the Sun at that Time, and conſequently 
view the Beginning of the Tranſit, which therefore will 
be viſible to almoſt all Aſia and a great Part of Europe; 
but to the weſtern Part of North America only. — By 
caſting my Eye below the Horizon, I fee the whole Con- 
tinent of Africa, with great Part of Aſia, Europe, and 
. | America, 
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America, deprived of this glorious Sight, the [ngreſs of 


Venus upon the ſolar Diſe, and amongſt them is the Iſland 
of Great- Britain. | . 
Cleon. So far you have performed very well, my Euphro- 


ne; but with regard to this Tranſit, it is a material 
Point to know in what Parts of the Earth the Ingreſs or 


Beginning of the Tranſit is viſible at Sun-riſing and Sun- 
ſetting. | . 
| Pupbroſ, This is ſeen in the ſame Poſition of the Globe; 
for all thoſe who are in the weſtern Horizon of the Globe 
obſerve the Sun riſing, with the Planet Venus juſt enter- 
ing upon its Diſk: Such are all the Inhabitants of the 
midland Parts of Sweden, Muſcovy in Europe, Aſia Minor, 
and Arabia.—And thoſe to whom the Tranſit begins at 
Sun-ſet are ſuch as lie under the eaſtern, Edge of the 
Horizon, ſuch are all the Parts of New Britain, New 
Wales, and the more weſtern Parts of North America. 
Cleon. Very good, Siſter, — you will particularly ob- 
ſerve, that Hudſon's Bay is among the Number of thoſe 
laſt mentioned Places, and eſpecially Port Nelſon at the 
Mouth of York River, as it has a little Elevation above 


the Horizon, and therefore will ſee the Beginning of the 


Tranſit about Z of an Hour before Sun-ſet : The Reaſon 
why I obſerve this, you will ſee by and by. ou 
will next let me ſee all the Parts of the Earth where the 
Middle of the Tranſit will be viſible, which happens at 
55” paſt five in the Morning with us. 

Euphroſ. For this I have nothing more to do than only 


to bring London to the Meridian, and placing the hour 


Index to the given Time; then by revolving the Globe 
till it points to XII at Noon, I view all the Parts of the 
Earth where'the middle Moment of the Tranſit will be 
viſible, which will be in all Europe, Aſia, the greateſt 
Part of Africa, but ſcarcely in any Part of America, 
unleſs Zames's Ifle and Greenland be reckoned ſuch.—— 


It is farther evident, that all thoſe Places that are in the 
weſtern Horizon, viz. the weſtern Parts of Africa, ſee 


the Sun-rifing with Venus half Way advanced in her Path 


. over his Diſk :- But in the eaſtern Horizon there is no 


Land, .and conſequently none to obſerve this Part of the 
Phenomenon at Sun-ſet, but ſuch as are ſailing on the 
Ocean there. 


VE © I 
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Cleon. All this is ſo far very well, my Euphroſyne; 
but there is one Thing farther to be obſerved, while the 
Globe remains in this Poſition, and that is, you are to 
take particular Notice of thoſe Places which lie under the 
Meridian at the ſame Time, and conſequently ſee the 
Middle of the Tranſit at XII o'Clock, and amongſt them, 
to obſerve that Place more eſpecially to whom the Sun 
is then vertical. | | | 
Euphroſ. The Places which lie under the Meridian are 
all the midland Parts of Aſia from Nova Zembla to the 
Eaft Indies, and thoſe whole Latitude is equal to the Sun's 
Declination, viz. 22? 3o', muſt have the Sun vertically 
over their Heads, which I ſee is a Place I have heard 
much talked of, the eaſtern Parts of the Kingdom of Ben- 
gal, near the Mouth of the River Ganges. 


Cleon. This Particular you will bear in Mind for a few 


Minutes. You will, in the laſt Place, ſhew all thoſe 
Places of the Earth where the Tranſit ends at Sun-riſing, 
at XII o'Clock, and at Sun-ſet. | | 
Euphroſ. The End of the Tranſit, if I remember right, 
-_ told me was half on Hour after IX, therefore I 
bring London to the Meridian, and place the Index to the 
given Time, then turning the Globe about tiil the Index 
points to XII, and caſting my Eye on the weſtern Hori- 
zon, I obſerve, that a few Inhabitants of North America 
and the eaſtern Part of the Brazils in South America will 
view the Sun riſing, with the Planet juſt making its Exit 
from its Diſæ. In the eaſtern Parts of the Horizon 
there is very little Land except New Guinea, New Hol- 


land, and the Iflands called the Ladrones on the Eaſt of 


Aſia, to view the End of the Tranſit at Sun-ſet. And 
thoſe Perſons who lie under the Meridian, as all the mid- 
land Parts of Muſcovy in Aſia, of Syria, the Red Sea, and 
eaſtern Coaſt of Africa, view the End of the Tranſit at 
Noon: And amongſt them, thoſe at Jodda, on the eaſtern 
Coaſt of the Red Sea, have the Sun then vertical to 

them. | 
Cleon. Indeed, my Euphroſyne, you have excellently 
well executed what relates to the Geographical Part of 
this Tranſit, as far as we have hitherto conſidered it. It 
remains now, that we make the proper Uſe of it in diſ- 
covering the different Times of the Continuance, or Du- 
ration 
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ration of the Tranſit,” as it may be obſerved from different 
Parts of the Earth's Surface. — But in order to this, it 
will be neceſſary you ſhould be advertiſed of one Thing, 
and that is, that when we behold any Body in Motion, 
the Celerity, or Quickneſs of the Motion will be diffe- 
rent, according to the Circumſtances of our own Situation, 
in regard to Reſt or Motion: For, (I.) If we our- 
ſelves are at Reſt, we ſee the Body move with its true, or 
real Celerity of Motion. (2.) But if we ourſelves move, 
and the ſame Way with the Object, its Motion, or Ce- 
lerity will appear to us to be leſs, or ſlower than it really 
is. (3.) If we move the contrary Way to the Object, 
it will appear to move much quicker, or with a greater 
Celerity of Motion than it really has. RS. 
Euphroſ. This laſt Obſervation I remember to have 


often ſeen verified in a Stage-Coach ; for as I have been - 


going to, or coming from Town, the Coaches which we 
have met on the Road have always appeared to paſs by us 
with a Motion much ſwifter than we were well aſſured 
they really had. - As to the firſt Obſervation, it is 
evident to common Senſe ; but the ſecond requires 
ſome Attention, though not a great deal, when I con- 
ſider that oftentimes going upon the Thames in a Boat, I 
have obſerved the Boats that we meet always appear, like 


the Coaches, to paſs by us with a Motion much greater 


than our own ; but thoſe which we overtake appear to 
move as much ſlower. -” | | 

Cleon. I imagine you would eaſily recollect how com- 
monly thoſe Poſitions are verified by Experience; and 
you will, at the ſame Time, make this natural Inference, 
that the ſwifter any Motion is, the leſs Time will be 
ſpent in paſling over any given Space, and the ſlower the 
Motion, a longer Time will be required. 

Euphroſ. This alſo is too plain to admit of any Heſi- 
tation; but what is all this to the Tranſit of Venus? 

Cleon. Theſe Things rightly conſidered, are ſo much 
to our Purpoſe, that they contain the whole Rationale of 
that great Phenomenon. 

For (1.) If an Eye be placed at the Center of the 
Earth, (or any where on its Surface without Motion) 
then it is plain, if it views the Planet paſſing before the 


Diſk of the Sun, it will ſee it move with its proper, or 


„ real 
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real Velocity of Motion, ſo as to tranſit the Diſk in about 


ſeven Hours and Twenty Minutes : — But (2.) If the 


Eye be placed on the Surface of the Earth, conſidered in 
Motion, then it is plain, that while the Globe moves on 
its Axes, thoſe Parts of its Surface which paſs under the 
ſouthern Part of the Meridian moves in a contrary Direction 
to thoſe which paſs under the northern Part, with reſpect 
to any particular Point, or moving Body at a Diſtance in 
the Heavens: Thus in the Time of the Tranſit, you 
fee on the terreſtrial Globe, that all the Part of Arabia 
and the Indies move under the ſouth Meridian from Wet 
to Eaſt, and thoſe in North America at the ſame Time 
move (with reſpec to Venus upon the Sun) in a contrary 
Direction, viz. from Eaſt ro Weſt, under the northern 
Part of the Meridian. And therefore (3.) it is 
plain, that ſince the Motion of Venus is from Eaſt to 
Weſt upon the Sun, the Inhabitants of the Indies, who 
move in a contrary Direction, will view the Planet 
moving with a ſwifter Motion over the Sun than it real] 

has; ſo that the Time of the Tranſit to them will be 
ſhorter than before, v:z. it will continue about ſever Hour: 
nine Minutes :—But as the Inhabitants of North America, 
about Hudſon's Bay, move the ſame Way with the Planet, 


| ſhe will appear to them to move ſlower, and therefore will 


be a longer Time in paſling over the Diſk, viz. about 
enteen Hours twenty-ſix Minutes, 

Euphroſ. Well, one would not imagine that the Nature 
and Theory of ſuch important Doctrines depend on ſuch 
trivial Obſervations as you mentioned ; but I am thorough- 
ly ſatisfied now of their Neceflity and Uility.— But 
why does Dr. Halley delegate us to thoſe diſtant Regions 
for viewing this Phænomenon; cannot the Philoſophers 
do it as well at home as abroad ? Thoſe Climates are very 
different in their Nature, and may neither of them be 
agreeable to Enghſh Conſtitutions, beſides the Danger, 
Difficulty, and Expence attending long Voyages. 

Cleon. There are Reaſons enough for his doing this, 
my Eupbroſyne; the (1ſt) is, that ſuch Places ought to 
be choſe for the Obſervation, where the Beginning and 
End of the Tranſit can be ſeen; but the Beginning can- 
not be ſeen in any Part of Great Britain. For once 
more turn the Globe about, to view thoſe Places where 
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the Beginning is viſible, and you will ſee the northern» 
moſt Parts of Scotland, the Orkney Ifles, and even Shetland 
itſelf, all below the Horizon at that "Time. 

Euphroſ. I ſee they are; but how then am I to under- 
ſtand the Doctor, when he ſays, Perhaps the Ingreſs may 
be ſeen at Sun-riſing by that very People who I now fee 
are below the Horizon at that Tine? 

Cleon. I confeſs, I know not how to anſwer your 
Query, unleſs the Doctor ſuppoſes the Refraction of the 
Atmoſphere is ſufficient to elevate the Sun to their View, 
before it be really riſen; 

Euphreſ. The Reaſon which you have given is very 
ſufficient for going to ſome one Place to obſerve the 
Tranſit ; but why is any one Place, for Inſtance, Bengal, 
more eligible than another ? 


Cleon. The Doctor does not recommend Bengal, as 


more proper for the Obſervation than any other Place in 
the Eaſt Indies, but he mentions that in particular, as 
being an Engliſb Factory, and that particular Part of the 
Earth's Surface over which the Sun will be vertical at the 
Time of the Middle of the Tranfit : He repreſents it as an 
indifferent Matter, whether the Obſervation be made at 
Bengal, or Fort St. George, commonly called Madras, 
or at Bencoolen, on the weſtern Coaſt of the Iſland of Su- 
matra, near the Equator : He alſo recommends Pondi- 
cherry, on the weſtern Coaſt of the Gulph of Ganga, to the 
French; and Batavia, the famous Emporium in the Iſland 
Java, to the Dutch, as being very proper Places for ob- 
ſerving the Tranſit, by the People reſiding there; and 
there is very good Reaſon for making as many Obſer- 
vations as poſſible, in the ſeveral Parts of 'the Indies, and 
as near the Equator as may be; becauſe they will be there 
farther from the Earth's Axis, and obſerve the "Tranſit 
to the greateſt Advantage that can be, on that account. 

Euphroſ. If thoſe Parts are ſo advantageous, which are 
near the Equator, why then are not both the Obſerva- 
_ to be made there, and fo make one Trouble ſerve for 
all ? 

Cleon. You will eafily fee the Reafon why that cannot 
be, by caſting your Eye on the Globe? for if you now 
rectify it as you did before, for the Beginning of the 
Tranſit, you will find yo the nocturnal Obſervation, 
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or that which is to be made at Sun-ſet, impoſſible in any 
leſs Latitudes than 23“ North, and there only in the 
ſouthern Parts of California, there being nothing but 
the great South ſea in all the Equator that can ſee the 
Setting-ſun : Beſides, ſuppoſe there was ever ſo fair an 
e of viewing the Tranſit at Sun-ſet, it would 
anſwer no Purpoſe, becauſe it muſt neceſſarily be over 
before Sun-riſing, the Length of the Night in all thoſe 
Parts being much greater than the longeſt Duration of the 
Tranſit. | 5 

Euphroſ. You have thoroughly convinced and ſatisfied 
me in that Particular; I plainly ſee the Latitude for the 


ſecond Obſervation muſt be ſuch, where the Length of 


the Night is ſhorter than the Duration of the Tranſit; 
and as the Globe is now rectified, I can plainly ſee that 
among all the Places in North America, in the eaſtern 
Part of the Horizon, the firſt that offers itſelf for viewin 
the Tranſit at Sun-ſet is that which you reer 
juſt now, viz. Port Nelſon, at the Entrance of Yo-4 River, 
all other Parts, or Places, being inacceſſible to us; and, 
indeed, that is the firſt Place that will circulate below 
the Horizon, and riſe again above it on the weſtern. Side 
before the Tranſit ends, and conſequently will be the 
leaſt Latitude in which we can obſerve the Duration of 
the Tranſit, including both the Beginning and the End. 
At the ſame Time, I underſtand now more plainly than 
before, why,no other Places even in thoſe northern Lati- 
tudes will anſwer for this Purpoſe, becauſe they will 
neceſſarily be below the Horizon, either at the Beginning 
or End of ir. WO Hy 

Cleon. That is very well obſerved, my Euphroſyne; for 
in the Iſland of Great Britain we loſe the Beginning of 
it, and to obſerve the Time when it ends is not ſufficient ; 


and it happens very well for us, that woe Bay pro- 


vides us with this Port for the Purpoſe; for we ſhould 
have found it attended with much greater Difficulty, to 
have had Recourſe to Places in the frigid Zone: For tho 
there are Places enough in Lapland, the northern Parts of 
Rujfia, Nova Zembla, Iceland, Sc. where the Sun will 
not at that Time diſappear, yet being near the Earth's 
Axis, the Difference between the Times of the Tranſit 
will not be ſo great, for an Eye placed any where in the 
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Axis of the Earth will ſee the Tranſit of equal Duration y 


and therefore, to an Eye placed at the Center, or upon 


the Surface at either Pole, the Appearance will be the 


ſame in regard to Time, and this will lead us from the 


Globe to the Diagram, which I have provided for a 


farther Explanation of the Particulars of this Phænome- 
non, as they are to be aſtronomically conſidered. 

Euphroſ. I cannot but think myſelf greatly obliged to 
you for your Care, in contriving every Way to facilitate 
the Knowledge of this uncommon Aﬀair.———As to the 
Diagram, I can readily perceive at firſt View the Deſign 
of a great Part of it: Thus I obſerve 4, B, C, repreſents 
one half of the Sun, the Center of which is C, and the 
Diameter A E. II imagine alſo, that the two black 
Circles on each Side of the Sun at V and Z, repreſent the 
Planet juſt within the Sun's Diſk in thoſe Places ; and 
further, thatY D is the Path, or Track of Venus over the 
Diſk : Alfo, that G, H, is a Part of the Orbit of 
Venus, and that Planet in two Poſitions at P and X. 

And, laſtly, I ſuppoſe that the Circles AF E G, and 
others within it, may repreſent the Earth, Am I ſo far 
right, Cleonicus 

Cleon. You are, my Euphroſyne; the great Circle you 
mention is the Equator, the next Circle BI DH is the 
Parallel of 220 30 Latitude, anſwering to the Bay of 
Bengal; the pro x or leſſer Circle cd e f is the Parallel 
of 569, anſwering to Port Nelſon in Hudſon's Bay; and 
C is the Center of the Earth, or Pole of the Equator, 
which you pleaſe. | 

Euphreſ. But what is the Uſe of all thoſe Lines drawn 
from the Earth to the dark Planet on the Sun ? 

Cleon. Theſe I ſhall point out to you in Order; and 
firft, ſuppoſe an Eye was placed in the Center of the 
Earth in C, to view the Planet as it paſſes along in its 
Orbit from P towards X. It is evident, when the Planet. 
arrives to the Point S, it would be ſeen juſt within the Sun 
by the Ray of Light CSY ; and when it has advanced 
to the Point V, it will then be ſeen to touch the Edge of 
the Sun on the other Side, by the Ray CV Z ; fo that 
while the Planet deſcribes that Part of its Orbit between 
S and V, it will appear, toan Eye at C, to paſs over the 


Diſk of the Sun from Y to Z. 
7 
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Eupbreſ. So far J apprehend you extremely well. 

but, pray, what Time paſſes between the Beginning at 
, and the End of the Tranſit at 25 as viewed from the 
Earth's Center at C? 

Cleon. You have been long, ere now, inſtructed in 
the Meaſures of Aſtronomy; you know the Di- 
ameter of the Sun is, at a Mean, a little more than half 
a Degree; but at the Time of the Tranſit, it will be very 
nearly 32“ of a Degree: And therefore, ſuppoſing that 
the Diameter A E be divided into thirty- two equal Parts, 
the Planet wild appear to paſs over four of them in an 
Hour, i. e. her horary Motion is after the Rate of four 
Minutes an Hour; and therefore, in paſſing from Y to 
Z, the Time ſpent will be equal to about ſeven Hours and 
twenty Minutes; fuch will be the Time of the. Tranſit, 
to an Eye at the Center C. In this Time a Spectator at 
the Equator will, by the diurnal Motion of the Earth, 
be carried through 110 of Longitude, equal to the Arch 
. 

Euphroſ. Very good, Cleonicus, I underſtand you; 
but now let me view the Franſit from Bexgal, in 1 Di- 
agram. 

"Clem. That you ſhall do; and for this Purpoſe: you 
muſt ſuppoſe your Eye to be placed in the Point of the 
Parallel proper to that Place, to view the Beginning of 
the Tranſit at V; which of Courſe will be on the weſtern 
Side of the G obe, becauſe in half the Time of the 
T ranfit you will be carried from þ to I, where you will 
view the Planet in the middle of its Paſſage over the Sun 
at D nearly, From I you will be then revolved to (a 

an the eaſtern Side of the Globe, to view the Egreſs of 
the Planet at Z; from whence it is evident, that the 
Beginning or Ingreſs will appear to you in the Line 
T, and the Egreſs in the Line aU Z; therefore 
the Planet muſt be in its Orbit at T in the firſt Caſe, and 
at U in the lacter ; and, that its Paſiage from T to U, 
as it is ſhorter than "that from S to V, ſo it will be per- 
formed in leſs Time, and therefore you will at Bengal 
obſerve the Tranſit of a leſs Continuance, than if your 
Eye was placed at the Center C. 

Euphroſ. I think, I pretty clearly underſtand you; for 


I fee the Motion fedin b towards a is in a contrary Direc- 
tion 
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tion to that of the Planet from V to Z, and therefore 
muſt cauſe her apparent Motion to be quicker, in the 
Manner you have now explaindſde. 
Cleon. As you cannot underſtand" theſe Things too 
well, I ſhall exemplify it otherwiſe by the parallatic 
Angle, in a Caſe ſimilar to that of the Candle on the 
Table, which I before mentioned to you: Thus, 
ſuppoſe a Plane was placed beyond the Planet's Orbit in 
the Line-# s, then when the Planet is at 8, it will be 
ſeen on that Plane at v by an Eye at C; but to an Eye 
placed at b, the Planet would appear on the ſaid Plane at 
t, by the Ray 5 Sz: So that the Planet in the ſame Point 


S will be ſeen in two different Parts of that Plane, by the 


Eye in theſe two different Poſitions j all which is occa- 
ſioned, you ſee, by the Diſtance of the two Points C and 
þ; and the Angle C 83, or 8 v, is what the Aﬀrono- 
mers call the parallatic Angle, or that Angle which 
makes the apparent Difference of the Planet's Place: — 
From whence it is evident, that the leſs the Diſtance C 5 
from the Earth's Axis is, the leſs will be the parallatic 
Angle, and conſequently in the Pole, where it vaniſhes, 
there will be no Parallax at all, as I obſerved to you 
before, 1: 4 = + 

Fuphrof. I partly ſee the Reaſon of all that you now 
ſay; and farther, if the Plane 1 be taken away at the 
ſame Time that the Planet appears upon the Sun at V, 
to an Eye at C, it will appear at a-Diſtance from the 
Sun eaſtward at w, to an Eye at b, by the Ray b 8 w4-- 
And laſtly, that as we go nearer to the Equator, the 


Diſtance C& will be greater, and therefore will occaſion 


a greater Difference in the Place of the Planet, and Time 
of its Tranſit, and conſequently will ſo much the better 
_ anſwer your Purpoſe, — But now for the Appearance 
at Port Nelſon, Cleonicus. | 1 

Cleon. As your Motion is now to be conſidered in the 
ſame Direction with the Planet, you muſt conceive your 
Eye to be placed on the eaſtern Side of the Globe at «c 
in the Diagram, to view the Ingreſs of the Planet at V, 
which, it is evident, will appear by the Ray R V. 


After this the Eve will be carried, by the Motion of the 
Globe, by the northern Part of the Meridian round to 4, 
where it will view the End of the Tranſit at Z, by the 


_ Ray 
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Ray 4 WZ, and: conſequently the Time of the Tranſit 


at this Place will be all that is ſpent while the Planet 


deſcribes the Arch RW (greater than 8 V,) which will 
be about ſeven Hours and twenty-ſeven Minutes nearly, 
and is therefore longer than the Time of the Tranſit at 
Bengal, all which is occaſioned by the Diſtance of the 
Points ö and c from the Earth's Axis, and the contrary 
Directions in which they are moved, _ . 

' Euphrof. I ſee nothing difficult to underſtand in all 
this ; but how is this Difference in Times of the Tranſit 
applied, to finding the Parallax and Diſtance of the Sun ? 
Clean. Very eaſily, by a Proceſs in Trigonometry, as 
it requires nothing more than common Skill in the Doc- 
trine of plain Triangles: But as you have not yet learned 
any Part of the 13 I ſhall not pretend to 
trouble you with that Affair now; you will find it not 
difficult to underſtand hereafter. 

Eupbroſ. I ſhall gladly take another Opportunity of 
talking with you farther on this Subject; for though I 
have the Satisfaction to underſtand the general Rationale 
of this important Subject, from what you have now ſaid, 
I am fatisfied it requires ſtill farther Reflection, and ſome 
mathematical Inſtruction, to underſtand it ſo compleatly 
as I could wiſh; for the acquiring of which, I ſhall be 
ready to devote any future Part of my Leiſure. 

Cleon. Theſe Things, it is true, are much of a ma- 
thematical Nature, 2nd therefore we ſhall at preſent pro- 
ceed no farther in the deſcriptive Part. But one Thing 
remains for you to know, and that is, a Method of ſhew- 
ing this Phznomenon in a. moſt eaſy and delightful Man- 
ner, by Means of a new Apparatus adapted to the re- 


flecting Teleſcope : And this ſhall be the Subject of our 


Converſe at the next Interval, 
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-— DIALOGUE XVI. 


The De$CRIPTION of @ new SOLAR APPARATUS, 
adapted to the reflecting TELIESscOo E, for ſhewing, 
the TRANSIT oF VENUS over the Sux's Disk, 


without darkening the Room. 


Euphroſyne. | 


HAVE ever ſince been mindful of your Promiſe, to 

entertain me with the Manner of exhibiting this cu- 
rious and rare Phænomenon, by a new Apparatus ap- 
plied to the reflefting Teleſcope. I hope this Morning 
will favour the Deſign, as the Heavens are clear and 
ſerene, and the Sun ſhines forth with its uſual Splendour 
and Glory. tl 

Cleon. We could not have wiſhed for a finer Day than 
this is like to prove.— The Teleſcope I have choſe for this 
Purpoſe is of the reflecting Sort, as it is moſt convenient 
to uſe for this Purpoſe, by Means of its Foot or Stand, 
the Conſtruction of which is alſo different from the com- 
mon Sort, and is thereby rendered more convenient for 
the Application and Uſe of this new Apparatus, 

Euphroſ. I am not much acquainted with the Structure 
of thoſe Inſtruments ; but I plainly ſee a Difference be- 
tween this and that which ſtands in my Father's Study, 
which I have often uſed to view diſtant Objects, and in 
which you have ſhewn me, before now, the Spots on the 
Sun's Face. | ; 

Cleon. That is a very good reflecting Teleſcope of the 
common Form; but this Teleſcope, which I ſhall now 
make uſe of, is much preferable for all the common Pur- 
poſes of a Teleſcope in general, and it has many peculiar 
Advantages above the other, and of which they are not 
capable, as you will hereafter be fully ſenſible of, when 
we come to treat of the Nature and Uſe of this Inſtrument 
more directly. 1 | 

Eupbroſ. I obſerve this Teleſcope conſiſts of two braſs 
Tubes, and that the interior one is made to moye back- 
ward and forward, by Means of a ſmall Piece of Rack» 

VF | work 
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work on the Side of the outer one: This, I preſume, ' 
anſwers the ſame Purpoſe as the long Wire on the Side of 
the common reflecting Teleſcope, which we turn one 
Way or the other, for adjuſting the Inſtrument to a proper 
Focus in viewing Objects. | 

® Chon. That is the Deſign of it in general; but this 
Conſtruction, as I ſaid before: is much better adapted to 
our preſent Purpoſe, on other Accounts, than a Reflector 
of the common Form, though that will do very well. 

Euphreſ. But what, and where is the new Apparatus 
you ſpeak of? 

Clean. I have not yet applied it to the Teleſcope, as I 
interid to ſhew- you the ſeveral Parts of it in the firſt 
Place : —— It is of a very ſimple Form, as it conſiſts but 
of a few Parts, which I ſhall now proceed to deſcribe. — 
(1). I take off the common Eye- piece of the Teleſcope, 
and ſcrew on another in its Room, of a ſhorter or leſſer 

Size. (2). I have adapted the common Candle Screen, 

made of black Silk, and which, in the uſual Manner, 
expands itſelf into a circular F orm, to the End of the 

Teleſcope, where you obſerve it is eaſily faſtened: on, 

(3). This ſquare Piece of Braſs, which is about fix 

Inches and a half long, is ſcrewed on to a Piece fixed 

upon the under Part of the Teleſcope. (4). Into the 

lower Part of this, another long ſquare Piece of Braſs is 

firmly fixed by Means of a ſquare Shoulder, Nut, and 

Screw; upon this is a Scale of Inches to the Number of 

thirteen. (5). Upon this long Arm is a moveable Socket 

of Braſs, with a Screw to fix it toany Part, on the Top \ 

of which is a tranſverſe Piece, into which are fixed two 

upright Wires of a proper Length. (6). Upon theſe 

Wires is applied a Screen of white Paper, of a circular 

Form, on which is drawn a black Circle of twelve Inches 

Diameter, divided into 360 Degrees, with two Diameters, 

one Vertical, and the other Horizontal. The firit of 

theſe is divided into 1900 equal Parts, and numbered each 

Way from the Center 100, 200, 300, Sc.“ 
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* We apprehend the ſeveral Parts of this A pparatus are ſo 
plainly repreſented in the Print, as to need no Deſcription, 
Pp Letters of Reference. | 
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Euphroſ. You will pleaſe to put them together, and 
then I ſhall have a more complete Idea of the Nature and 
Deſign of the Whole. fs, . a 

Cleon. This I ſhall inſtantly do: — Firſt, J apply the 
Screen to the End of the Teleſcope ; — then I ſcrew on 
the perpendicular Piece of Braſs ; into this I fix the 
horizontal Piece, — then I apply the Socket to No. 12, 
and there ſcrew it faſt ; — after this, I apply this cir- 
cular Screen to the upright Wires : — And then, laſtly, 
I ſcrew into the End of the Teleſcope the Braſs Piece, 
containing the Magnifiers and thus the Whole is 

fitted for Uſe. = 

Euphroſ. I ſee the Deſign of it is to form the Diſk, or 
Face of the Sun, upon that circular Paper Screen ;— but 
is not the Room to be darkened for this Purpoſe ? 

Cleon. No; the black Screen ſupercedes the Neceſſity 
of that troubleſome and inconvenient Circumſtance 
You will by Means of this Apparatus, in the moſt 
lightſome Room, have the Pleaſure of viewing the Face 
of the Sun, and every Thing that may appear in or 
upon it, with as much Pleaſure, and almoſt as perfectly 
as in the Camera Obſcura itſelf. | 

Euphroſ. If this be the Caſe, it muſt render the Oppor- 
tunity of viewing the Tranſit of Venus extremely caſy 
and agreeable, in every Place where they ſhall be favoured 
with a Sun-ſhiny Morning, like this, "4, 

Cleon. And that this is the Caſe really 1 ſhall ſoon 
convince you by an Experiment or two with this Appa- 
ratus, and that in a different Way or Manner from any 

Thing that has hitherto been ſhewn of the like Kind: 
For all Objects that have been uſually magnified in the \ 
ſolar Microſcope, are repreſented in a Beam of the Sun's 
Light, very much dilated upon the Side of a Room or 
Screen; but here you will ſee Objects repreſented on + 
the real Face, or the Diſk of the Sun itſelf ; fo that fi 
by this Means we might properly make the bright mag- + 


nified ſolar Niſh the real Screen for ſhewing Objects bt 
upon; by which Means they will become vaſtly more b 
vivid and diſtinct in all their Parts, and will make a much if 
richer Appearance. In order to ſatisfy you of what i 


I now ſay, I ſhall, in the firſt Place, ſhew you the Face 11 


of the Sun upon the Screen, in various Degrees of Mag- 
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nitude, according to the Diſtance of the Screen from 
the magnifying Glaſs, and you will always know the 
Diameter of the magnified Image of the Sun by the 
Number of Inches to which the Screen is placed on the 
Scale. | | 
Eupbroſ. That is, I ſuppoſe, if the Screen be placed 
at N® 2, then will the Sun's Image be two Inches in 
Diameter; if at Ne 6, it will be fix Inches in Diameter; 
and if the Screen be placed at NO. 12, then will the ſolar 
Diſk be 12 Inches, or juſt fill the graduated Circle. 

Cleon. I perceive you have a very clear Notion of this 
Matter, and therefore ſhall preface no more concerning 
it, but ſhall proceed, in the firſt Place, to ſhew you the 
folar Diſk, with the Spots upon it, if any; and accor- 
dingly, —— firſt, I fix the Screen at Ne. 1, and 
then directing the Teleſcope to the Sun, I turn 
the Pinion on the Side of the Teleſcope till I make the 
Sun's Face appear very diſtin, and well defined on the 
Surface of the Screen, where it appears ſmall indeed, 
as being now but one Inch in Diameter. 

Euphroſ. Well, it is very curious to ſee the little Sun 
fo very diftint :—— I really can ſee two or three ſmal} 
Spots upon its Surface. 

Cl:on. Thoſe Spots are not ſmall, but large, as you 
will fee when I move the Screen backward to N®. 4:— 
For now turning the Pinion, the Sun's Image appears very 
diſtinct, and juſt four Inches in Diameter, and the Spots 
appear now in Proportion larger and plainer,—— I 
remove the Screen to No. 8, there the Sun's Face is 


enlarged to eight Inches in Diameter ——Laftly, I 


place it at N®. 12, and by adjuſting the Teleſcope, you 
there ſee the noble Appearance which the Diſk of the 


Sun makes on the Screen, and juſt fills the graduated 


Circle drawn upon it. | 

Euphroſ. A glorious Sight indeed, and the Spots now 
appear to great Advantage. This Method of viewing 
them is greatly preferable to that of poring thro' the 
Teleſcope itſelf at the Sun. | 

Cleon. As the Sun's Face and Spots are ſo eaſily and ſo 
diſtinctly obſerved, you will readily underſtand that the 
Planet Venus, in tranſiting the Sun's Diſk, will be as di- 
ſtinctly repreſented and viewed. | 
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Eupbroſ. I can eaſily apprehend ſhe will; for when the 
Diſk of the Sun itſelf is perfectly formed, the Planet Venus, 
as well as the ſolar Maculz, muſt alſo be delineated in 
the ſame Degree of Perfection, by that exquiſite Infſtru- 
ment. 1 

Cleon. It will not be diſagreeable to you, if I illuſtrate 
this by an artificial Repreſentation of this famous. Tran- 


fit : For which Purpoſe you muſt provide me with 


four of the ſmalleſt black Patches you can get. 
Euphroſ. Theſe I have at Hand, and will this Inſtant 


go for them: Theſe are the ſmalleſt I have, will 


they anſwer the Purpoſe ? 2 
Cleon. They will do very well; — 1 have here an 
Ivory Slider, with a round Piece of Talk, on which I 
have drawn two Diameters, and likewiſe the Path of 
Venus, at each End of which I ſtick a Patch, and place 
the other two in the ſaid Path, ſo that they may repreſent 
four Poſitions of that Planet on the Diſk of the Sun, 
formed upon the Screen as before. I put the Slider 
in its Groove, and then, by turning the Screw, you ſee 
thoſe Patches gradually come to a perfect Form on the 
Face of the Sun: They appear very black, round, 
and nearly in Proportion, as Venus herſelf will be ſeen in 
Compariſon of the Sun. | 

Euphroſ. This is very natural indeed, as well as arti- 
ficial. I ſee Venus now at her Ingreſs and Egreſs, 
in the ſame Manner as ſhe is delineated on the Print of 
the Tranſit of large; and ſince this artificial Repreſenta- 


tion is ſo perfect, it will in a great Meaſure ſupply the 


Deficiency of the natural Tranſit, if the Weather ſhould 
prevent our Enjoyment of that moſt deſirable Sight. 
Cleon. A Sight, that mortal Eyes never more than once 
beheld ! The famous Feremiah Horrox, who lived at 
Hole in Lancaſhire, by his great Skill in Aſtronomy, 
foreſaw and predicted the Tranſit of Venus over the Sun, 
November 24, in 1639, He gave Notice of this to, his 
Friend Mr. Crabtree, who attended him at the Time, and 
they both together in a darkened Room, where the Sun's 
Image was formed at large on a Screen, ſaw Venus juſt at 
nineteen Minutes after three o'Clock in the Afternoon 
enter the Diſk; but the Sun ſetting before the Tranſit 


was compleated, prevented their having an entire View 
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of it; ſo that this next Tranſit will be the firſt that will 
afford u View of. the Phænomenon compleat. | 
[1 re I ſhould almoſt envy thoſe Gentlemen the 
partial View they had, were not ours likely to be more 
cCompleat; for an entire View even at this next Tranſit, 
will be impoſſible, I find, to the Inhabitants of Great 
Britain But ſince the periodical Time of Yenus's 
Revolution about the Sun is ſo ſhort, I think it is a 
Wonder that we do not oftener obſerve her to tranſit the 
Sun's Diſk. | BE. 
Clean. If you were very attentively to conſider the 
Laws of the planetary Motions, the Wonder would ſoon 
ceaſe. But I muſt refer an Explanation of this Matter 
to a future Opportunity. — l have informed you of 
every Thing I think neceſſary, relating to this Subject, 
for the preſent : The further Uſe of this Apparatus, 
for magnifying Objects in the Nature of a ſolar Microſcope, 
4 ſhall explain to you at another Seaſon, which will be 
very ſhortly: As our next Subjects of philoſophical 
"Converſation will be thoſe of the Deſcription, and-prac- 
tical Uſes of the ſeveral Kinds of Microſcopes, Teleſcopes, 
and other optical Inſtruments, which, I doubt not, will 
afford you as great Pleaſure and Improvements as they 
have done to myſelf for many Years paſt. | 
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The Young GENTLEMAN and Lapy's 


PHILOSOPHY. 


PART V. 


CONTAINI N G 


A PRACTICAL. 'TrEATISE on: the Uſe of 


Orig AL INSTRUMENTS: 


k 


DIALOGUE I. 


On the Nature, Conſtruction, and Uſe of SMN OLE 
M1x1cRoSCOPES: 


| Eupbroſyne. | | 
] is VE ſpent all the Time I could convenitdelf 


ſpare, in looking over thoſe Tracts which you re- 
commended to my Peruſal, preparatory to my un- 


| derſtanding the Conſtruction and Uſe of Optical In- 


ſtruments. The Nature and Uſe of Optical Glaſſes are 
ſo familiarly deſcribed and explained by Figures, that I 
was at no Loſs in verifying their ſeyeral Properties by 
Experiments, which I made with the ſeveral Lenſes and 
Mirrors you lent me for that Purpoſe. [ can now 
take any ſingle Lens or Speculum, and therewith form 


the Image of any giv en Object at Pleaſure. I ob- 


ſerve their various Magnitudes, in Proportion to the focal 
Diſtances of the Glaſſes; J ſee the inverted Poſi- 
tion of each on the Paper; and if I fix the Glaſs, 
I make all thoſe Images greater or leſs, by removing the 


Object nearer to, or farther from it. I obſerve, with 
Vel. II. M ; | great 
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great Pleaſure, what I think we may properly call the 
very Life or Soul of the Picture; I mean the natural 
Motions and Colours of every Part, the firſt of which no 
Paintings can pretend to, and the latter they but faintly 
imitate_— I delight myſelf ſo much with theſe phi- 


lofophical Entertainments, that I wonder very much how 


ſo many of my Sex can be ſo eaſy and ſatisfied, without 
ſharing with me in the Felicity which thoſe Sentiments 
afford, ariſing from ſuch an experimental Speculation of 
the Sciences. | 

Cleon. It is principally for want of ſuch Speculations 
being experimental, that ſo many Peqple appear indifferent 
about them. Matters of mere Theory are generally dry 
and jejune to any but thoſe who have a particular Taſte 
for the Subject ; but the Science of Optics is converſant 
about ſuch Subjects as are founded, not only in the moſt 


perfect Geometry of Nature, but are capable of being 


illuſtrated, and rendered in the higheſt Degree enter- 
taining and uſeful, by the moſt eaſy and obvious Experi- 
ments. This Science extends the Uſe of the Eye to 
an amazing Degree; — tho? this excellent Organ is b 
Nature conſtructed to produce the moſt uſeful Senſation, 
yet it is in a limited Degree: It is left to human Skill 
to perfect it in almoſt as much higher Degree as we 
pleaſe. ——— W hatever is neceſſary, Nature has ſupplied 
us with, in regard to Viſion, with reſpect to the com- 
mon Conveniencies of Lite : But if we would look 
far before us, and take a Proſpect of the remote Scenes 
of Nature, and view her numberlefs Curioſities in her 


' ſecret Recefſes, we mult make uſe of the artificial Means 


of Viſion, I mean Optical Glaſſes and Inſtruments : 
And I don't know any Thing in the whole Courſe of my 
Obſervations that a pears to me of fo extraordinary a 
Nature as the great Eſtimation or Value we ſet upon 
common Sight, and at the fame Time ſo little regard the 
Improvements of it. 

Euphbroj. J fancy it muſt be in this Cafe, as in many 
others, what we don't perceive the Ule, Pleaſure, or Ne- 
ceſſity of, we are not ſenſible, and therefore do not regard 
the Want, of it; and a great many People appear to be 


naturally deſtitute of any Taite for the Refinements and 
Pleaſures 
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Pleaſures ariſing from the Study or Extenſion of the 
Sciences, either Optical, or any other Kind, WE 
Cleon. Your Obſervation is juſt ; to which I may farther 
add, that it is neceſſary it ſhould be ſo, and that we ought 
not to look on thoſe Things as any Faults or Deficiencies 
in Mankind: Thoſe who want a Genius are not to be 
blamed on that Account, nor are we to wonder when 
we find them fo frequently expatiating on the Pleaſures 
ariſing from the Senſations of the Gu/tatory Nerves, and 
ſo little ſenſible of thoſe of the Optical ones ———But to 
the Point: I have here brought you ſeveral MicRoscoPes 
of different Forms and. Conſtructions, on Purpoſe to ac- 
quaint you with: the different Ways and Means that have 
been invented and contrived for their Application, in 
viewing Minute Objects. Theſe the Opticians uſually call 
Single Microſcopes, and are to be held in the Hand, | - 
Euphroſ. They ſeem to be curious Inſtruments, and 
neatly diſpoſed in their Caſes, with a Number of little 
Trinkets about them, all of elegant. Workmanſhip. — 
I ſee they are of different Forms and Make, and I pre- 
ſume all anſwer one and the ſame End, 'viz. to magnify 
any ſmall Oljee tm. But one Query I muſt beg you to 
ſatisfy before we proceed farther, and that is, how it is in 
the Power of a Glaſs to make an Object bigger or leſs. 
Cleon. The Glaſs, my Euphroſyne, can do no ſuch 
Thing, the real Magnitude of the Object continues the 
ſame; however it may be viewed by the Glaſs, the mag- 
nifying Power, as we uſually call it, is only apparent. 
The Eye, by Means of a Glaſs, views an Object under 
a larger Angle than it can do without, and conſequently 
will fee it, in Appearance, larger; for by the Principles 
of Optics, which you have peruſed, if you recollect, it 
appears, that any Object ſubtends a larger Angle in Pro- 
portion, as it is nearer to the Eye, and that Angle is 
the Meaſure of the apparent Magnitude of the Object; 
thus, for Inſtance, if you extend your Arm, and hold 
up your Finger againſt the Ball under the Croſs, on the 
Top of St. Paul's Cathedral, it will appear much bigger 
than that Ball does, becauſe it ſubtends a much greater 
Angle to the Eye than that Ball does at ſo great a Diſtance, 
though it be fix Feet in Diameter. | 
| M 2 
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Eupbroſ. There is ſomething very curious and fur. 
priſing 1 in your Doctrine of apparent Magnitudes, I find 
by Experiments, which I little thought of before; but 
admit that the Glaſs only ſhews the Object larger, yet 
there is one Thing further that muſt be the Subject of 
another Query, viz. how it comes to paſs that the Glaſs 
ſhews the Object diſtinctly at ſuch a Diſtance from the 
Eye, where it cannot be ſeen without it, unleſs very con- 
fuledly ? 

Clean. You will remember the Experiment which you 
made in the Sun Beams with the Glaſs, whoſe focal Di- 
ſtance was one Inch, viz. that it collected together the 
Beams into one Point, called the Focus; and that an- 
other Glaſs of the ſame Sort, held juſt as far beyond that 
focal Point, received the diverging Rays, and made them 
all parallel _ | 
Eupbroſ. I remember it very well; but what do you 

deduce from thence? 

Cleon. On that Experiment depends all the Rationale of 
Viſion by a fingle Glaſs; for the Eye is ſo formed by 
Nature, that unleſs Rays of Light fall nearly parallel 
upon it, they will not be converged to a Focus upon the 
Retina in the Eye, and therefore no perfect Image can be 
there formed, but by thoſe Rays which come from Ob- 
jects ſo far removed from the Eye, that they may be con- 
ſidered as nearly parallel; and therefore, as I ſaid before, 
there is a Limit to perfect Viſion by the naked Eye, and 
this you will find in general to be about ſix or ſeven 
Inches from the Eye, with regard to near Objects: This 
is confirmed by Experience, becauſe any Object held 
nearer to the Sn will appear confuſed, as the Rays 
coming from any particular Point muſt be conſidered in 4 
converging State, and conſequently tend to a Point or 
Focus beyond the Bottom of the Eye, and therefore the 
Image muſt be very imperfectly formed on the Retina, 
and fo produce a confuſed Appearance of the Object: 
For Example ; I hold a Piece of Wire at three Inches 
diſtant from my Eye, and it appears large, but very cen- 
fuſed and indiſtin& ; but if I take a Glaſs, whoſe focal 
Diſtance is three Inches, and hold it cloſe to my Eye, 
the Rays will by that Means be made to fall upon the 
Eye in a parallel Direction, and by that Means be nicely 
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united on the Retina, and there forming a perfect Image 
of the Wire, will cauſe a diſtinct View of it. | 
Euphroſ. I ſeem to have a tolerable clear Idea of this 
Matter: And fince the Wire appears diſtinctly at 
the Diſtance of three Inches from the Eye, by Means of 
the Glaſs, it will be ſeen of Courſe under an Angle twice 
as large as it ſubtends to the naked Eye at the Diſtance 
of ſix Inches, and therefore will appear twice as large; 
conſequently, an Object in ſuch a Caſe may be ſaid to 
be magnified twice. For the ſame Reaſon it will 
follow, that if a Glaſs of one Inch focal Diſtance be 
applied to the Eye, the Obje& in that Caſe muſt be 
placed in its Focus, or at one Inch from the Eye, and 
then the Rays being rendered paralle] upon the Eye will 
cauſe a diſtin View of it at that near Diſtance, which, 
as it is fix Times leſs than fix Inches, it will appear ſo 
many Times magnified by ſuch a Glaſs. | 
Cleon. What you have now ſaid, you inſtantly prove by 
Experiment; and the fame Reaſon holds for any Glaſſes 
of ſhorter focal Diſtances, they always magnify more in 
Proportion. But let us reflect a little on the magnify- 
ing Power of a Glaſs, whoſe focal Diſtance is one whole 
Inch :—You ſee it magnifies the Diameter of the Wire 
tix Times; but as you increaſe the Length or Breadth of 
an Object, the Surface will increaſe in Proportion to the 
Square thereof, and conſequently will appear ſix Times 
ſix, or thirty-ſix Times as large as it appears to a naked 
Eye, and conſequently ſuch Glaſſes will exhibit a very 
agreeable View of many of the larger Kind of ſmall Ob- 
jects; for which Reaſon they are very much in Uſe, in 
obſerving the Works both of Nature and Art, and may 
be properly called MEOGALAScO PES: — Thus all the 
ſmaller Sort of Flowers appear extremely fine when 
viewed through ſuch Glaſſes. All Kinds of Inſects, 
as Flies, Bees, Waſps, c. make a noble Appearance 
thus magnified, and ſeem quite different Creatures than 
what they appear when viewed diminutively with the 
naked Eye. — The Texture and Veſtels of Plants and 
Animals are exquiſite Subjects of the Megalaſcope 
and when we apply them to view the Works of Art, 
their Benefit is ſufficiently known to the Watchmaker, 
jhe Draper, the Engraver, &c. under the Denomination 
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of the WWatchmakers-Glaſs ; Cloth- Microſcope; &c. and 
for a pretty Experiment of this Kind, I need only propoſe 
to you this ſma]l Circle, in which 1s contained the ten 
Commandments, which the beſt of Eyes cannot decypher, 
but with a Glaſs you ſee to read the whole diſtinctly. 
Euphroſ. This Glaſs is of excellent Uſe, I find by this 
Experiment; and this, which you have been ſo kind as 
to make me a Preſent of, will afford me great Entertain- 
ment, as I ſhall frequently apply it to the Purpoſes you 


have mentioned. 


Cleon. There is one Thing farther to be conſidered, 
with regard to the magnifying Power of this Glaſs, viz, 
that the Solidity, or the whole Bulk of a Body is magni- 
fied in Proportion to Cubes - of the Diameter or Side : 
Thus, ſuppoſe any Globule, or other ſmall Object were 
to be viewed through the "ſane Glaſs, the LR Bulk 
will be apparently increaſed fix Times thirty-ſix, or 
216 Times, or ſo much larger it would appear through 
the Glaſs to the naked Eye, —I have brought with me 
two or three Marſh-mallow Flowers for a Specimen of 
this Kind; you ſee a little white Part ſtanding up in the 
Middle; pray, view it with your megalaſcopic Glaſs, and 
tell me what you ſee, 

Euphroſ. I ſee a great Number of very beautifu), ſmall, 


white Globules beſet with thick Briſtles, and growing in 


Cluſters at the Tops of long white Stalks; a moſt agree- 


able Spectacle this, and what I could never have thought 
of from the naked Eye. | 


Cleon. As another Inſtance, take this "Liaf of Sage, 


and view it with the ſame Glaſs. 


Euphroſ. I do; and am amazed to ſee the numberleſs 
Globules all over its Surface, in Appearance like ſmall 
white waxen Balls; — others upon the Mint Leaf I ſee 


have a different Appearance, but require to be magnified 


ſtill more to view them perfectly. 

Cleon. That you will do by and by; 1 only propoſe 
by theſe Specimens, that very ſmall Objects, when mag- 
nified 200 Times, are capable of being ſeen even with a 
Megalaſcope : And were you to ſee a Fleſh-fly 200 
Times as large as what you view with the naked Eye, 
they would command your Attention as much as a Cro- 
codile from the River Nile, which is but a 3 of a 
larger Bulk, | 
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Fuphroſ. Pray, of what Form or Size are thoſe Glaſſes 
which you make uſe of for greater Powers of magni- 
fying ! | 
Cleon. They are of the ſame Form with this Megala- 
| ſcope Glaſs, viz. a double Convex generally, but the Size 
very ſmall ; for as they are intended to view {mall Objects, 
there is no need of a large Diameter, nor indeed will the 
Nature of the Glaſs admit of it: As the Glaſſes are 
' ſmall, ſo are their focal Diſtances, and in Proportion 
their magnifying Powers the greater; hence theſe Glaſſes 
are properly called MicRoscoPes, which deno e only 
their Power of magnifying very ſmall Oljects- But as 
theſe Glaſſes are ſo very ſmall, they cannot conveniently 
be applied to Objects without being adapted in a Frame, 


conſiſting of proper Parts for that Purpoſe, by which 


Means the Glaſs and the Object may be at any required 
Diſtance from each other, and from the Eye, and the 
Object viewed with all imaginable Eaſe, by holding them 
in the Hand againſt the Light, as you will eaſily ſee in 
the ſeveral Forms here before you, which indeed are but 
four, but they are the beſt and moſt convenient of all the 
numerous Inventions for this Purpoſe, 

Euphroſ. Which of thoſe Microſcopes do you recom- 
mend as the moſt perfect and eligible ? 

Cleon. It is difficult to ſay which is the beſt of all; 
they have ſeverally their peculiar Advantages ariſing from 
their particular Form, and the Apparatus proper to each. 
Some Gentlemen prefer one Form, ſome another; and 
I will point out the Properties of each ſeparattly, that you 
may chuſe upon Occaſion which you pleaſe, for I ſhall 
make you a Preſent of them all. | 

Euphraſ. In this you will highly oblige me, indeed; 
but you muſt, in the firſt Place, make me acquainted 
with the Uſe of them, for there are. ſo many ſmall Ad- 
juncts in what you call the Apparatus, that unleſs I know 
the Uſe of each Particular, I:ſhall not be perfect in the 
Application of the Inſtrument. 1 

Cleon. It is very true, my Euphroſyne; I know it is 
incumbent upon me, in the firſt Place, to diſſect, as it 
were, each Microſcope, and ſhew the Uſe of the ſeveral 
Parts as they are variouſly applied for viewing different 
Objects. The firſt I ſhall begin with, is that which 
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generally goes by the Name of WiLsoNn's MicRoscope, 
though the firſt Inventor of this Form is perhaps not 
known. bis Microſcope conſiſts (I.) of an external 


and an internal Tube, the latter moving by a long Screw 


in the former; the external Tube being for the greateſt 
Part open on each Side: You obſerve (2.) two thin 
braſs Plates moving regularly in that Aperture by the 
Motion of that internal Tube or Screw; and to keep 
them together you ſee ( 3.) a ſpiral Wire bear upon them 
from the End on the Inſide of the outer Tube, the Intent 
of which is to preſs thoſe Plates firmly together. (4.) The 
ſeveral Ivory Sliders which you here ſee numbered, 1, 2, 
3, 4, Sc. in which are contained the ſeveral ſmall Ob- 
jects placed between two thin Plates of Muſcovy Glaſs, 
uſually called Talks ; beſides theſe thereis (5.) this long 
Braſs open Frame, to which is fitted an Ivory Slider, 
containing ſmall Concave Glaſſes, with a plain Slip of 
Glaſs placed over it for incloſing any minute living Ob- 
ject without cruſhing it; this likewiſe, when uſed, is 
placed between the two thin Plates, below which is (6.) 
a third Plate or Piece of Braſs with a cylindric Hollow 
to receive (7.) the ſeveral glaſs Tubes, which you here 
ſee, three in a Sett, contained one within another, for 
holding any Fluids with Animalculæ, Tadpole, W ater- 
Newt, ſmall Frog, &c. for ſhewing the Circulation of 
the Blood. (8,) At the End of the outer Tube is a 
Hole, with a Screw, to receive the ſeveral Plates of 
Braſs, or Buttons, which contain the ſmall magnifying 


Glaſſes. (q.) At the external End of the inmoſt Tube 


is a Plano Convex Lens, to throw Light upon the Ob- 
ject on the Sliders, (10.) Over this Glaſs are placed cir- 
cular Pieces of Braſs, with Holes or Apertures of a dif- 
ferent. Size, for proportioning the requiſite Degree of 
Light. Theſe are the principal Parts to be uſed in view- 
ing tranſparent Objects : But for thoſe that are opake, 
you are ſupplied with the following Apparatus, © (11.) A 
ſquare, flat Piece of Braſs, with a bevel Edge on one 
Side, and pierced with a Hole through the Middle, with 
a ſmall Steel Spring to bear upon (12.) an Iron Wire, 
made ſharp at one End, and containing a Pair of Plyers 
on the other; this Piece of Braſs with the Plyers, being 
placed between the two thin Plates of the Microſcope, 
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there is (13.) another Piece of Braſs with a Screw at 
one End, by which it is fixed on the object End of the 


Microſcope on one Part, and contains on the other a 


hollow Screw for receiving the ſeveral Magnifiers, which, 
in this Caſe, ſhew any Object held in the Plyers at one 
End, or fixed- on the ſharp Point at the other ; and to 
adapt every Glaſs for this Purpoſe, this Piece conſiſts of 
two Parts, with Motion about a Center. (14.) On the 
ſharp End of the Wire there is ſcrewed on a ſmall circu- 
lar Piece of Ivory, with one Surface black and the other 
white, on which Objects of a different Colour are laid to 
be viewed. (15.) Inſtead of the ſmall Glaſſes, you may 
{crew on the Glaſs in this black Ivory Frame, which is 
called the Tun: This is deſigned for viewing larger Ob- 
jects, like that which you have in your Pocket. (17.) A 
Pair of Nippers, Hair-Bruſh, Box of Talk-wires for 
fixing them in the Sliders, &c. compleat the Apparatus 
of a Wilſon's Microſcope, for viewing every Sort of 
Objects *. 


— 3 


* That the Reader may have a proper Idea of the four dif- 
ferent Forms of ſingle Microſcopes, and the principal Parts of 
the Apparatus, we have thought proper to add a Figure of 
each Form, drawn from the Inſtruments themſelves, which 
need no particular Deſcription, as the Uſes of the ſeveral Parts 
may be eafily underſtood by Inſpection. (See Plate XLIII.) 
The Particulars of the Apparatus are as follow : | ; 

A is the Megalaſcope Glaſs, to be held in the Hand for 
viewing the larger Sort of ſmall Objects. 3 
B the circular Piece of Braſs, in which the Microſcopic 
Glaſs is placed to be ſcrewed on at the End of Wilſon's Micro- 
ſcope, or that of the firſt Form; of theſe there are 6 in 
Number. | 0 

C a Pair of Nippers for taking up ſmall Objects. 

D a Quill with a Camel-Hair Bruſh at one End for clean- 
ing Glaſs, and a Pen Point on the other for taking up a ſmall 
Quantity of a Fluid, '&c. | | 

E a Glaſs Tube for holding Filh, or other Animals, for 
ſhewing the Circulation of the Blood. | 
F a long Braſs Caſe for holding a Slider, with ſmall Con- 
caves, and a plain Glaſs over them for confining ſmall living 
Animalculæ. 5 l | 

G a ſmall Box of Talk and Wires, for ſupplying the Ivory 
Slid ers upon Occaſion. „„ x 
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Euphroſ. You have run over a large Catalogue of Par- 
ticulars indeed; one had need have a pretty good Me- 


mory to retain the particular Uſes of each: But I appre- 


hend this will not be difficult after a little Practice. 
Cleon. You will find it extremely eaſy to manage every 

Part with once uſing only; and when you know it in one 

Microſcope, it is nearly the ſame in all the reſt, which 


differ from each other principally in the different Manner 


of applying the ſeveral Parts of the ſame Apparatus. 

Euphroſ. Y ou will pleaſe, in the next Place, to inform 
me of the different Power of magnifying belonging to 
each Glaſs of the Microſcope, that I may have a more 
adequate Notion of the Effects of this Inftrument when 
I-uſe it, | 14 af 

Cleon. This cannot be known without meaſuring very 
preciſely the focal Diſtance of each Glaſs: Thus, for 
Example, I find by meaſuring, that the focal Diſtance 
of this Glaſs is one Tenth of an Inch: Now, you know 
that in 6 Inches there are 60 Tenths, and conſequently, 


when I view an Object through this Glaſs, it is then 60 
Times nearer to my Eye than when [I view it without the 


Glaſs, and therefore it will appear 60 Times larger in 
3 regard 


— — 


PY 
| — 


H a Piece of Ivory with two Sides, the one black and the 


_— 
— 


other white, with two ſmall Steel Springs for holding Objects 


n them. | 

I the Silver Speculum belonging to the opake Microſcope, 
or that of the third Form, in the Center of which the ſmall 
Magnifier appears. | 

K a double Spring Frame for holding the Glaſs Tube. 

L the ſame for an Ivory Slider. 

M two ſmall circular Pieces of Braſs, containing a concave 
and a plain Glaſs, one moveable over the other, for confining 
ſmall living Objects. | : 

N the Plyers, in the Poſition they are applied for viewing 


Objects in the Opake Microſcope, to the Point of the End of 


which below are ſcrewed on the ſeveral Parts of the Apparatus, 
denoted by the ſeveral Letters H, K, L, and M. | | 
There are other Particulars of an Apparatus belonging to 
theſe Microſcopes ; but as they are (ſeldom uſed, and the Man- 
ner of their Application not eaſily underſtood without viewing 


the Inſtruments themſelves, we have here omitted their Repre- 


ſentation, 


2 


vl 


hd & 


AND LADY*”*s PHILOSOPHY. 17 
regard to Length and Breadth. Thus a F lea, or any 
ſmall Animal, will appear 60 Times longer and wider 
than it does to the naked Eye; and, becauſe a Flea is 
much about 3 of an Inch long, it will Ee) through 
the Glaſs 6 Inches long. 

Euphroſ. What an hideous Fi igure muſt it make of 
that monſtrous Size 

Cleon. Eſpecially if you conſider that the whole Sur- 
face of the Body of the Flea will appear 60 Times 60, or 

600 Times larger than we view it with the naked Eye. 


Euphroſ. Heavens wiys at that Rate, it muſt appear | 


as large as a Lobſter. 


Cleon. I can aſſure you, the Compariſon is very 8 


propos; for, when the Flea is thus magnified, it has very 
much the Appearance of that teſtaceous Animal, as you 
will ſee by and by.—But add to this, that the whole 
Bulk of the Flea will be magnified 60 Times 3600, or 
upwards of two Hundred Thouſand Times, and fo much 
Jarger it will appear through this Magnifier, than to the 
naked Eye *; © 

Euphreſ. Prodigious, indeed | I muſt be ſtrangely de- 
lighted with ſuch unuſual and extraordinary Views. If 
ſmall Animals are magnified to that extreme Degree, 
how wonderful muſt it be to view the Mites, and 6ther 


ſmall Animals, which appear in ſuch very great Numbers? 


Cleon, They appear more numerous to the naked Eye, 
than through the Microſcope; for in Proportion as they 
are magnified more, the leſs in Number will be ſeen; and 
notwithſtanding this Glaſs which I have now mentioned 
has ſo very great a magnifying Power, there are others 
which ſtill much more exceed it, and other Methods of 
magnifying, beſides directly poring through the Glaſs, by 
which Means a Mite will be ſhewn as Jarge as a Porcu- 
pine; and Animalculæ, when magnified Millions of 
Times, will appear ſcarce larger than phyſical Points; 3 
all which you will be ſatisfied about in a very little Time, 
by ocular Demonſtration. 

' Euphraſ. To tell you the Truth, I cannot help being 
in very great haſte to ſee them; therefore hope you will 
not detain me long from ſuch wonderful e 


” At preſent we refer the Reader to the Print of the Flea. 
dee Magazine for April, 17 . | | 
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Clean. As I have largely deſcribed to you the Apparatus 
belonging to Microſcopes in general, what remains, in 
regard to the particular Conſtruction, and Manner of 
Application, will be diſpatched in a few Words. In 
reſpect to the Manner of placing the Glaſſes, you ob- 
ſerve, it is different in each of the three Forms; for, firſt, 
in Wilſon's Microſcopes the Glaſſes are properly ſet in 
circular Pieces of Braſs, which are ſeparately ſcrewed on 
to the Body of the Microſcope, for viewing Objects, and 
they are adjuſted to a proper focal Diſtance by Means of 
2 Screw. ; s 
But, ſecondly, the neweſt Invention for this Purpoſe, 
is to place all the Magnifiers in, one long Piece of Braſs, 
by which Means it is eaſy to apply any Glaſs to the Object, 
inſtantly, without the Trouble of ſcrewing the Glaſſes 
on and off the Microſcope; alſo, the Focus is immediately 
adjuſted by the Contrivance of Teeth and Pinion, which 
you here obſerve on the Side of a Microſcope of this 
ſecond Form. | . 
Thirdly, in order to view Opake Bodies by the fingle 
Microſcope, there has been lately contrived a Method of 
applying the Magniher to a Hole made in the Middle of 
a reflecting Silver Speculum; which Speculum being 
ſcrewed on to the Inſtrument, the Opake Object in the 
Plyers is placed before the Magnifier, and the Light 
ſtrongly reflected upon it to render the ſuperficial Parts 
delightfully viſible. The Focus is adjuſted by a Braſs 
Piece, moveable by a Screw and Spring, as alſo by the 
Joint of the Plyers. In this Contrivance, all Kinds of 
Objects, both . Tranſparent and Opake, are moſt advan- 
tageouſly viewed by Means of a ſingle Magnifier, 
The three Forms, now mentioned, are properly called 
manual Microſcopes, as they are all of them held in the 
pm and turned to the Sky-light, or Candle, in viewing 
Objects. . | FE | 
ut there is yet another, and (in ſome reſpects) a more 
commodious Form of a ſingle Microſcope, which is 
placed on a Foot or Pillar with a moveable Stage, on 
which the Object is placed; below which is placed a 
reflecting Speculum, moveable every Way to throw up 
the Light on the Object; and this we may call the 
Fourth, and laſt Form of a ſingle Microſcope, - : 
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Euphbroſ. I think this appears to be the moſt convenient 
Method of them all, as I have nothing to do but only fit 
at the Table and look through the Glaſs at the Objects. 
But I ſee, that in this Sort of Microſcope you have dif- 
ferent Conſtructions ;- for I take it, that all theſe before 
me are Specimens of each particular Form. | "FIR 

Cleon. They are ſo; and I have procured them, in 
order to give you an Idea of the different Manner of ap- 
plying, and viewing Objects in this Way. In all of 
them there is a Variety in the Frame in which the Glaſſes 
are placed, the Method of conſtructing the moveable Stage 


by adjuſting Screws, Cc. the Manner of fixing the reflec- 


ting Speculum, and many other Peculiarities, which you 
will eaſily become acquainted with in the ſeparate Uſe of 
each,—Some of theſe are very expenſive in regard of 
curious Workmanſhip :—Others, too much laboured and 
incumbered with too many Parts and Appendages: And 
others are as remarkable for their light, eaſy, and elegant 
Conſtruction: one of this Sort I ſhall here recommend to 

ou for your common Uſe, and it conſiſts of the following 
8 : (1.) A Piece of Braſs properly formed for the 
Foot or Baſis, with a circular Hole in the Middle, whoſe 
Uſe I ſhall mention hereafter. (2.) The Stem, which 


cConſiſts of two Parts; The iſt of which is a Pillar ſcrewed 


into the Foot, and the 2d a ſquare Piece of Braſs ſcrewed 
into the Capital of the Pillar. (3.) Two Pieces of Braſs, 
moveable on the ſquare Part of the Stem, the Lowermo 

of which is fixed by a Screw in the Side, while the other. 
remains moveable by an adjufting Screw on the back Part. 
(4.) To the upper Piece, the Stage is adapted by a Dove- 
tail Groove, in and upon which Objects are placed, as in 
the other Forms, to be viewed, and are adjuſted to. a. 
proper Focus by the Screw behind. (5.) On the Top, of 
the ſquare Piece of Braſs, or Stem, is fixed the Head of. 


the Microſcope, which has a flat Piece of Braſs, properly 


formed, and placed horizontally and parallel to the Stage. 
{6.) On the under Part of this Plate is a circular Piece of 
Braſs, containing 6 Glaſſes, diſpoſed in a circular Man- 
ner near its Cireumference : This Piece is moveable on 
. a Screw-pin in its Center. (7.) On the upper Part of 
the Head-piece is another circular Piece of Braſs, fixed 
at the End with a Screw on the Outſide, and a _ 
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Hole in the Center, to which the Magnifiers are ſucceſ- 
ſively applied for ſhewing the Objects on the Stage below, 
(8.) The reflecting Speculum, ſcrewed on to the Pillar, 
and moveable on a Joint, illuminates the Object to be 
viewed. — From all which, you will readily ſee how eaſy 
and pleaſant it muſt be to view Objects in this Conſtruc- 
tion of a Microſcope... There are many other Ways and 
Methods of applying ſingle Glaſſes, but none of them 
ſo well deſerve. your Notice, as the four different Forms 
I have now deſcribed to you :—But I muſt take another 
Opportunity of explaining to you, the Difference between 
fingle and compound Microſcopes ;| the different Con- 
ſtruction of the latter, ——and, laſt of all, the Nature 
and Conſtruction of the Solar Microſcope, which muſt 
be the Subject of our enſuing Microſcopic Speculations“. 
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Of the Nature, Conſtruction, and Uſe of COMPOUND 
Se F MIcROScoPE VTS. 


1 | Euphroſyne. | 
1:0 | T our laft Interview you entertained me with an 
"1:4 | Explication of the different Forms and Conſtruction 
— 4 of fingle Microſcopes, and promiſed me, in our next, the 
iN ſame Fhing with regard to compound ones; and I ſee, 
| by the Inſtruments before me, that you intend to be as 
| good as your Word. — They are equally numerous, 
4 and much exceed them in Magnificence of Appearance; 
but, I fear at the ſame Time, fince they are not ſo ſimple 
in their Nature as the former, their Conſtruction and 
| Effects will not be ſo eaſy to be comprehended. 
„ Cleon. When you fee the Parts of which they are 
1 compoſed, you will not find them ſo very complicated as 
. you imagine; and tho” they ſtrike the Eye with Grandeur 
14 and Sumptuoſity, yet the eſſential Parts, by which the 
Effects are produced, will be found to be very few, and 
thoſe eaſy to be underſtood. 
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Euphroſ. J hope I ſhall find it ſo; but, pray, is the 


Effect of a compound Microſcope abovy that of a ſingle. 


One, in any Proportion to its Magnitude ? if it be, they 
muſt be wonderful Inſtruments indeed, : 
Cleon. In anſwer to that Query, my Euphrofynes/ I 
need not inform you, that your Sex, as well as our own; 
are very apt to be affected with Grandeur and Magnifi- 
cence, in every Shape; and the Microſcope, to many 


People, as much recommends itſelf by a pompous: Ap- 


pearance, as by its uſeful Effects: But as we are only at 


preſent concerned with the latter, I ſhall proceed to ſne r 


you the Difference between a ſingle and compound Mi- 
croſcope, which conſiſts in the following Particulars: (1.) 

In the ſingle Microſcope one Glaſs only was neceſſary, 
becauſe the Object itſelf was viewed by that Glaſs ;" but 
(2.) ina ee Microſcope the Image of the Gbj ect 
is viewed by the Eye, and therefore two Glaſſes at ſeaft 
are neceſſary in this Conſtruction, viz. one to form the 
Image of an Object, and the other to ſhew it magnified. - 

Eupbroſ. Then I apprehend, by what you have ſaid, 
that only two Glaſſes are eſſential to a compound Mieroſ- 
cope: But beſides the two which you have now ſhewn me, 
I obſerve there are two others in the Inſtrument ; pray, 
to what Purpoſe do they ſerve ?. 

Cleon. They only ſerve to make Viſas more diſtinct. 
and pleaſant, by properly attempering the Rays of Light, 
and enlarging the Field of View. The original Con- 


ſtruction was with the two Glaſſes only; then a 3d FOR 


added, for an Improvement of the Invention; and, 
laflg. a 4th, to compleat that Improvement. Alt — * 
a mathematical Skill in Optics, to conceive the Rationale 
of chem all; but you will eaſily find, by Experiment, 
that they have each of them their peculiar Ulſes, in pro- 
ducing the great Effect of a manifying Foweß,! in the beſt 
Manner poſſible. 

Euphroſ. You will be ſo good as to * out to me 
the Uſes of each particular Glaſs, and illuſtrate the ſame 


by an Example. 
Cleon. That I ſhall readily do, with an Object a little 


in your own Way, I mean, a Row of the ſmalleſt 


Minikin Pins, which you can give me; and you will be 
no leſs pleaſed with the Oddity of their A PPEArance, than 
you are with their Uſes in * 
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 Euphnoſs This Experiment will be very 4 propos, in- 
deed. Here is a Row of the fine Pins you want. 
| Cleon. The Glaſſes of the compound Microſcope are 
all contained in one Part, which is called the Body of the 
Microſcope, the lower Part of which is a long Pipe, or 
Snout, as it is commonly called, on which is ſcrewed a 
Braſs Button, or Box, containing a ſmall magnifying 
Glaſs, which of itſelf has a confiderable magnifying 
Power, as will appear by your applying the Row of Pins 
to the Focus of that Glaſs, which I have now taken off 
for that Purpoſe. CR: 
Euphroſ. Well; how oddly they appear, indeed |—— 
they look as large as Corking Pins. — Their Heads as 
large as Bullets, rough and uncouth.— There appears 
Juft five in the Field of Vie. | 
Cleon. By that you will know the Uſes of the other 
Glaſſes; for if now I ſcrew that on to its proper Place, 
at the End of the Pipe, and take off the Glaſſes on the 
upper Part, then, by placing the Body in the external Part, 
or Caſe of the Inſtrument, I move it gently down towards 
the Pins that are now laid upon the Stage, and by adjuſt- 
ing the Glaſs to a little more than the focal Diſtance from 
the Object, the Image of the Pins are formed in the 
upper Part of the Body, as you will eaſily ſee by 
placing this Piece of oiled Paper in the Focus of the large 
Glaſs. 5 | | 
Euphroſ. I ſee the Image very plainly formed upon that 
Paper ; and they appear this Way as large as in the other, 
or through the Glaſs itſelf, ET h | 
Cleon. The Image (as you learn from the Principles of 
Optics which you read) is as much larger than the Object, 
as its Diſtance is greater; and ſince the Diſtance of the 
oiled Paper from the Glaſs is 6 Times as great as that of 
the Paper of Pins, therefore you ſee the Image of each 
Pin 6 Times in Diameter and Length greater than it 
appears fo the naked Eye, from whence you underſtand 
that, by this ſingle Glaſs alone, the Object is magnified 
6 Times:——Then, if this Image be viewed by another 
Glaſs, which you ſee here on the Top, of one Inch 
Focus, and therefore placed juſt one Inch above the oiled 
Paper, the ſaid Image will appear very diſtinctly to the 
Eye; and fince, in this Caſe, it is at leaſt 6 Times nearer 
to 
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well from optical as all other Kinds of Illuſions, 
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to the Eye than it can be ſeen without the Glaſs, there- 
fore the Image will appear 6 Times larger, by Means of 


the upper Glaſs than it does to the naked Eye; and, con- 
ſequently, the Object will appear 6 Times 6, or 36 Times 
magnified in Length and Breadth, and the Surface is mag- 


nified 36 Times 36, or 1296 Times, and in Solidity 36 


Times 1296, or 46656 Times: And in that Degree you 
muſt underſtand the Heads of the Pins are magnified, as 
they are ſolid Bodies. I will now put the Glaſs in 
its Place, and then you may ſee the Experiment, 

Eupbroſ. They are magnified to a prodigious Degree, 


I allow; but {till I cannot conceive, they are magnified 


Forty-ſix thouſand Times, by 5 
Clean. There are no Fallacies like thoſe of Viſion, on 
the one Hand, nor any Truths ſo much ſuſpected on the 


other: We often ſee Things that are not, as if they were, 


and cannot eaſily be perſuaded to the Contrary; and no 


leſs frequently we look upon real Facts as the greateſt 


Improbabilities.— This ſhews, in general, how neceſ- 
ſary the Knowledge of Geometry and natural Philoſophy 
is, to give People a juſt and adequate Idea gf Things, 
and to free them from all Impoſition by their Senſes, as 


Thus much for the magnifying Power of the two Glaſſes, 
which greatly exceeds that of the ſingle Glaſs alone. 
Euphroſ. But another Thing I obſerve, Cleonicus, is, 
that though the Pins be much more magnified by the two 
Glaſſes, yet I obſerve not ſo many of them : for now, 
ſcarcely 3 appear inſtead of 5. | BY 
Cleon, This is only the common Conſequence of mag- 
nifying ; for the more any Object is magnified, the leſs 
Number or Quantity of its Parts appear: And it is for 
this Reaſon, that this other larger Glaſs (called the Body 
Glaſs) is added, to inlarge the Field of View, by dimi- 
niſhing the magnifying Power of the two Glaſſes; for 
Wu, put this Glaſs in its Place, you will ſee the Image 


is contracted on the oiled Paper above it, and by that 
Means a larger Quantity of the Object will be depicted 
upon it, and conſequently a greater Number of Pins will 
appear, as you will find by trying the Experiment. 7 

Eupbroſ. This I clearly ſee; but then one Queſtion 
will occur, which is this, you tell me, that one of thoſe 
N Glaſſes 
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Glaſſes on the upper Part is employed to magnify, and 
the other to diminiſh the Image formed by the ſmall 
object Glaſs ; ſince this is the Caſe, is it not poſſible 
for one Glaſs to anſwer the End of both: That is to 
ſay, to magnify juſt ſo much of itſelf as they both do 


o 


together? WY 
 Cleon. I anſwer in the Affirmative, one Glaſs will 
magnify juſt as much as the two; but there is another 
Purpoſe to be anſwered beſides the magnifying Power, 
and enlarging the Field of View, and that is, to correct 
the Errors of Refraction by a ſingle Lens, and to make 
the Field of View more perfect towards its extreme Parts, 
ſo that the Objects which lye round the Circumference 
appear leſs diſtorted and confuſed than in an equal Field 
by a ſingle Glaſs only: And moreover, the Rays of 
Light, paſting through both Glaſſes, are ſo attempered, 


and, as it were, adjuſted, that the Cone of Rays entering 


the Eye, render the Viſion more eaſy, ſteady, and plea- 
fant* : All which you will eaſily find by obſerving the 
Object through both Glafles, and through one alone, 
when the magnifying Power is in both Caſes equal. And 
what I have obſerved now with reſpect to the Eye-glaſs, 
is equally applicable to the Object-glaſs below; and there- 
fore, when refracting Microſcopes are conſtructed with 
four Glaſſes, they are then as perfect as the Nature of ſuch 
Inſtruments will admit of, and ſuch a one J have here put 
into your Hands. | 55 
Euphroſ. Fhe Microſcope, which you have been now 
fo kind as to make me a preſent of, is of a ſuperb and 
magnificent Form; and having ſo large a Bulk, I appre- 
hend the Field of View, and conſequently the Ule of 


the Inſtrument, will be ſo much the more perfect and 


pleaſant. | 
Cleon. In this you may, perhaps, be in ſome Degree 
miſtaken: It does not follow, that the Field of View is 
always proportioned to the Largeneſs of the Inſtrument, 
or Glaſſes; there is a Mean in all Things, or Limits, 
which, as your Horace tells you, are the Bounds of 
1 Perfection, 


* et. 


The Theory, or Rationale of this Doctrine of the Compoli- 
tion of Glaſſes, and of diſtin and indiſtinct Vifion, is fully 
and particularly explained in my zew Principles of Optics, 


Perfection, on either Side of which it is impoſible any 


z 


Thing ſhould be right. 


to be a pretty, neat Inſtrument for that Purpoſe.—I 
obſerve,. there is the ſame Number of Glaſſes in this as 
in the large One, and when I put the Row of Pins under; 
they appear, as you ſay, very nearly the ſame as in the 
larger Microſcope, and muſt conſequently afford me a Va- 
riety of optical Pleaſures from the Multiplicity of Objects 
which the Fields and. Gardens afford :—But, methinks; 
1 ſhould be glad to know ſomewhat of the Reaſon, why 
thoſe ſmall Glaſſes perform ſo nearly as well as the 
large ones??? MTs | 

Cl:on. The general Reaſon will appear from conſider- 
ing, that the Perfection of the Image in all the Variety 
of optical Inſtruments is regulated by the Aperture, or 
round Hole, by which the Light paſſes through the 
Glaſſes from the Object; on which Account we are 
obliged to have ſtrict regard to this Aperture of the Ob- 
ject-glaſſes on two Accounts the fir/ is, becauſe the leſs 
the Aperture of the Glaſs is, the leſs will be the Error 
of Refraction, and conſequently the greater will be the 
Perfe&tion of the Image formed of the Object. But, 
fecondly, if the Hole be too ſmall, the Image will not be 
ſufficiently bright, and therefore the Aperture muſt be 
ſuch as will admit of a ſufficient Degree of Light, by 
waich the Picture of Objects may be viewed to Advan- 
tage: Therefore the Perfection of the Inſtrument princi- 
pally depends on the Aperture, and not on the. Size of 
the Object-glaſſes, which you ſee is the ſame in the large 


DS 


and ſmall Microſcope, | 
Euphroſ. This, I obſerve, and am very well pleaſed 
that you have mentioned this Particular, which I might 
not otherwiſe have fo well conſidered ; as to what regards 
| N 2 | the 
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the Errors of Refraction, I muſt take that upon your 


Word: But I can readily apprehend, that if the Aper- 
ture of the Object-glaſs be too ſmall, or too large, there 
will certainly be too little, or too much Light for ſhew- 
ing the Object with a requiſite Diſtinctneſs and Perfection: 


and there is as little Pleaſure in viewing the Image, tho' 


well defined, in the Dark, as there is when confuſed 
with too much Luftre.—But though the Object-glaſſes 
are alike in the Parlour, and the Pocket-Microſcope, 
yet I ſee the Eye-glaſſes are widely different, being very 
large in the one, and ſmall in the other. — 7 

Clean. Tis true, they are; yet the Effect is nearly 
the ſame in each: And to convince you of this, I ſhall 
ſhew you the Hole in that Piece of Wood which is 
uſually called the Stop, which is placed between the Eye- 
glaſſes, and which is but a Trifle bigger in the large, 
than in the ſmall Microſcope, as by ſcrewing off the 
upper Eye-glaſs you will diſcern very plainly. 

Euphroſ. I ſee the Difference is but ſmall 5 but what 
is: the Purport of theſe Holes? 

Cleon. They are intended to limit the Field of View 
as far as it is perfect; and as they differ ſo very little 
from each other, it is plain, the Perfection of Viſion 
does not depend on the Size, or Magnitudes of the Eye- 
glaſſes. Upon the Whole, therefore, you will find, 
that there is but very little Preference to be given to the 
largeſt Microſcope, on Account of the Bulk of the Frame 
or Glaſſes. 

Euphroſ. Since this is the Caſe, pleaſe to let me know 
what are the peculiar Advantages of each Conſtruction. 

Cleon. I will: And firſt, with regard to the Parlour- 
Microſcope, the Particulars which recommend it are as 
follow: (I.) I have obſerved to you before, that Grandeur 
pleaſes in every Shape, and we have naturally a high 
Opinion of any Thing conſtructed in a magnificent 
Taſte: The Palace is preferable, for its ſumptuous Ap- 
pearance, to a Cottage; though you or I could fleep, or 
enjoy Life equally well in either, (2.) The hrge Mi- 
croſcope is fixed on a proper Baſis, and therefore Objects 
may be applied and viewed more readily, than when the 
Inſtrument is held in the Hand, (3.) There is in the 


Parlour-Microſcope, generally, a much larger and more 
expen- 


2 


AND LADY*'s PHILOSOPHY. 187 


expenſive Apparatus, that wore may be wanting to 


render the Entertainments of this Inſtrument pleaſurable 
in the higheſt Degree. (4.) There is in this Inſtrument 
a larger Diſtance between the Object-glaſs and the Eye- 
glaſſes, and therefore, upon the Whole, the Scope or 
Power of magnifying will, in ſome Degree, in this large 
Conſtruction, exceed that of the ſmall. But then, 
on the other Hand, the ſmall one is recommended by the 
following Conſiderations : (I.) Being of a pocket. Form, 
it may be carried any where, and, of Courſe, becomes 
more generally uſeful, than the large Microſcope. (2.) 
The Price is confiderably leſs; and therefore ſuits the Ge- 
nerality of People much better. (3.) The ſmall Difference 
in the Effect between a large, and ſmall Microſcope, to- 
gether with the above Reaſons, incline many People to 
the Choice of the latter, | | 

Eupbraſ. As to the Form of the Microſcopes, I pre- 
fume, no great Matter depends on that; and farther, 1 
ſuppoſe, the Two you have brought me, are of the neweſt 
Faſhion and Tafte. — — E 

Cleon. They are the lateſt Forms in which Microſ- 
copes have been made. The three pillar'd Microſcope 
(as it is uſually called) is, indeed, an old Faſhion, but 
then they have always been made in the large Form, and 
the Braſs Legs, or Pillars, of a different Shape and Size 
from what you ſee in this Pocket-Microſcope. But 
as for the F. orm of this Parlour-Microſcope, it is quite 
new, as none, that I know of, have ever been made of 
that Conſtruction before; for in this Form the Microſ- 
cope is placed in any Situation, either perpendicular, or 
parallel to the Horizon, or it may be placed in an 
oblique Poſition, as Occaſion may require; beſides this 
Advantage, there is yet another in the circular Stage that 
moves on a Center, and thereby ſhews all the different 
Parts of Objects in the moſt commodious Manner; theſe 
two e together with the Lightneſs, Air, and 
Elegance of the Form, render it, in my Opinion, moſt 
proper for a Lady's Uſe; to which may be added, it being 
contained in a neat Shagreen Cafe, with a complete 
Apparatus, renders it much more portable than thoſe of 
the uſual Forms kept in wooden Boxes, 
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Eupbroſ. I think myſelf greatly obliged to you for the 
Trouble I have given you in ſo many Interrogatories 
about Microſcopes, and for the Satisfaction you have 
given me in their Solution. At preſent, I think, it will 
de proper to deſiſt from any farther Enquiries of this Kind, 
but ſhall be glad to embrace the next Opportunity for 
that Purpoſe. 2 


DIALOGUE III. 
| Oh the Nature, Conſtrultion, aud Uſe of the So LAR 
Mr1croscoPe. | | 


Cleonicus. 


T Have hitherto entertained you in the beſt Manner I am 

able, with an Account of microſcopic Conſtructions 
of different F orms and Kinds; nor have I finiſhed that 
Subject yet, as there remains one which far exceeds all 
the reſt in its magnifying Power, or the aſtoniſhing Ap- 
pearance it gives of the ſmalleſt Objects. 

Euphroſ. This, I preſume, is the Solar Microſcope, 
which 1 have heard you ſpeak of very often, on that Ac: 
count—is not this the Inſtrument now before me on the 
Table! 4 

Cleon. That is the Solar Microſcope, whoſe Nature 

and Conſtruction I ſhall now explain to you's and then, 


Alt rwarde, entertain you with ſome xperiments of y 

its Ule, | | 1 
E pbroſ. It is called the Solar Microſcope, I ſuppoſe, c 

from its being uſed with the Sun, or rather, that it is 

intirely uſeleſs without the Sun- beams; for I have herd J 

you ſay, that it is zpplied to Uſe in a Room that is 1 

darkened, and then only when the Sun ſhines. But the 

Method of its Application in the Camera Obſcura, as you W 

call it, is a Thing as yet I have little or no Idea of, and * 

is what, I preſume, you intend to inſtruct me in. EI 

Cleon, This Morning is devoted to that Purpoſe.—— h 

The Room is darkened and ready for Uſe, and the Sun 

will 1 continue till I have diſpatched, in a few 5 


1 W ords, 
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Words, the.Deſcription and. Uſe of the ſeveral. Parts of 
the Microſcope, —You will therefore obſerve, this Inftru- 
ment conſiſts, of the following Parts; (1.), A long plain 


Glaſs. in a Braſs Frame, which goes on the Outſide of the 


Window to. receive the Sun-beams which fall -obliquely 
thereon. (2.) The fquare Plate, or Frame of Braſs, is, 
by a Couple of Screws, faſtened to a Window-ſhutter,, 
containing a Hole for the Looking-ęlaſſes to paſs through, 
(3.) In the Middle of this Plate lies a Wheel with 
Teeth, concealed, with a circular Rim of Braſs placed 
over it, and is moveable by a Wheel and Pinion, which 
ou obierve. in one Angle of the Plate. (4.) In the cen- 
tra] Hole of this circular Wheel, or Piece of Braſs on, 
the Outſide, toward the Looking-glaſs, is fixed a con- 
vex Lens, whoſe focal Diſtance is about 8 or 10 Inches, 
(5.) In the Hole of the ſame Plate, on the Face of the 
Inftrument, is ſcrewed the Tube or Body of the Micro- 
ſcope, with its Drawer or ſliding Part, as you there ſee, 
(6.) On the End of this Slider is ſcrewed a ſingle Micro- 
ſcope of the firſt or ſecond Form, which I have before 
deſcribed to you: and thus you ſee all the component 
Parts of this curious Machine as they are put together. 

Euphreſ. Well; but, methinks, I ſhould be glad to 
ſee the particular Uſe of each of theſe Parts, before we 
enter the dark Room, where I cannot ſo well ſee the 
Manner of their Application. HP 

Cleon. This I can ſhew you juſt as well in a light, as 
in a dark Room, the Light is no Obſtruction to any 
Thing but forming a Picture of the Object; I have pro- 
vided a Board with a Hole of the ſame Size with that in 
the Window-ſhutter, to which I ſhall apply the Ma- 
chine in its ſeveral Parts ſucceſſively. And, 

Firſt, T put the Looking-glaſs through the Hole of the 
Board, and then ſcrew the Plate firmly on to the ſame, 
This done, then, 

Secondly, I turn the Pinion which moves the Wheel 
with the Looking-glaſs on it, towards the Sun, by which 
Means the Rays of the Sun are reflected from the Look- 
ing-glaſs, through the convex Lens into the Room; as 
here you ſee by the Experiment. | 

Thirdly, It is neceſſary in the Uſe of this Inſtrument, 
that the Sun-beams ſhould be made to go ſtrait acroſs the 
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Room, or parallel to the Floor, and to fall perpendicular 
on the oppoſite Wall or Side of the Room. Now there 
is but one Poſition of the Looking-glaſs that will reflect 
the Rays in that Manner, and therefore, you ſee here is 
à ſmall Wheel, and Endleſs-Screw, fixed on the other 


Part of the Plate, for moving the Looking-glaſs up and 


down, till it comes into the neceſſary Poſition ; and then 
ou obſerve, 

Fourthly, The Beams of Light are refracted through 
the convex Lens to its Focus, which, you plainly ſee, is 
at the Diſtance of about 10 Inches from the Glaſs. 

Fifthly, From the focal Point you obſerve the Rays 
proceed diverging, and form a large Circle of Light on 
the oppoſite Side of the Room. 

Sixthly, I ſcrew on the Tube with che ſmall Micro- 
ſcope, and place the Slider therein, with the Objects 
intended to be magnified. 

Sedenthly, This done, I move the Der forward and 
backward, 2 I bring the Object in the Slider within a 
ſmall Diftance of the Focus of the convex Glaſs, where 

ou may obſerve it is very much illuminated in the denſer 
Pare of the Cone of Rays: Then, | 

Eighthly, and laſtly, I apply the ſmall Magnifiers to 
the ſingle Microſcope, and by the adjuſting Screw, move 


them to ſuch a Diſtance from the Object, as ſhall ſhew 


their Image very plain and large, upon a Sheet hung on 
the oppoſite Side of the Room. - And thus having ſhewn 
you how every Part is applied to Uſe, I ſhall repair, with 
you, to the Room made dark, there fix the Inſtrument, 


and ſhew you its ſurpriſing Effects. 


Euphroſ. I ſhall, with great Pleaſure, attend you on 


this Occaſion, to tos how Darkneſs itſelf conduces to 
perfect theſe Experiments, which depend on the ſtrongeſt 
Light. 


Clam, Here, my Euphroſyne, enter the Room, 4 
place yourſelf in the Chair I have there ſet for wok you 


will there be near me, to ſee the ſeveral Proceſſes in the 


Application of the Inſtrument, and at a proper Diſtance 

to view the Image to the beſt Advantage, | 
Euphroſ. I am ſeated, as you direct. You may pro- 

ceed to your Operation as ſoon as you pleaſe. 


F 
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Clan. The firſt Object I ſhall put in the Microſcope is, 


| x. tranſparent Scale of a Sole-hſh—obſerve its Image upon 


the Sheet. > 
- Euphroſ, Its Image I ſee ſomething prodigiouſly 
large, indeed; and you amaze me, when you ſay it is 
only the Scale of a.Sole :——lt appears at leaſt 12 or 15 
Feet long, and 6 or 8 Feet wide ; —— it fills almoſt the 
Side of the Room, How thick ſet with long ſharp 
Points at one End l its Subſtance tranſparent, and varie- 
gated with beautiful Undulations.— Were the whole 


Fiſh magnified in the ſame Proportion, it muſt ſurely be 


as big as a W hale. | | 
Clion. You might have ſaid, my Euphroſyne, as big as 
a hundred Whales; ſince the Fiſh, magnified as much 


as its Scale, would appear very near half a Mile long. 


By this Inſtance, you ſee how Nature has provided for 
the Defence of the Sole-fiſh, ſince the external Part of 


every Scale is armed with thoſe ſharp pointed Spines, or 


Then, 

Euphroſ. I have often obſerved, that the Surface of 
thoſe Fiſh were very rough to the Hand; but never knew 
the Reaſon of it before.“ What is the next Object, 
Cleonicus? | | 7 

Cleon. I have ſhewn you the magnified Scale of a Fiſh, 
and I will next ſhew the Scale of an Eel, magnified in 
the ſame Proportion. ( 

Euphroſ. The Scale of an Eel, Cleonicus, that Ex- 
preſſion ſeems to have a ftrange Sound: I am ſp great a 
Virtusſa, that I never before heard of, or knew there was 


any ſuch Thing. 

Cleon. That may be, and numberleſs others beſides 
vourſelf are not only ignorant of it, but will not believe 
it when it is told them: Nay, the Fews inſiſt that it is 


contrary to the Moſaic Law, by which they are forbidden 
to eat of that delicious Diſh, as they apprehend that Eels 


come under the Denomination of that Sort of Fiſh which 


have no Scales. But obſerve, on the Sheet, the 
Picture of one in its full Dimenſions and Perfection. 


n 


* See a microſcopic View of the Skin and Scales of a Sole- 


| fiſh, in our Miſcellany, Page 681, for December 1 757. 
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Eupbroſ. A prodigious Spectacle this, it is nearly 
as large as the Scale of a Sole, but of a very different 
Form; its Subſtance ſeems to be one continued Piece 
of Net- work, proceeding in long oval Rings; as it were, 
from a common Center: obſerve no Briſtles, or 
Points, in this, nor can I tell on what Part it grows on 
the Body. 

Clean. Theſe Scales, my Euphroſhne, differ from the 
Scales of common Fiſh, in the following Particulars: 
Vin, they lye not on the external Surface of the Eel, but 
are contained under one common Covering, or Skin, 
Secondly, they do not lye one over another, as the Scales 
of a common Fiſh ; but are placed one by the other, as 
thick as they can ye, through the whole Skin of the 


Eel. Thirdly, their reticular Form, or Net-like Texture, 


is ſuch as we obſerve in no other Sort of common Fiſh- 
Scales; beſides many other Peculiarities which I ſhall 
obſerve to you at another Seaſon. —— You will next 
behold the wonderful Appearance of a certain Species of 
Eels themſelves, real living Animals. 

Euphroſ. Living Animals, Clzonicus /———they have 
really ſo much Life and Motion, and meniruas Size 
withal, that I have ſcarce Courage enough to keep my 
Seat. Who could have thought to have teen, in a Mo- 
ment's Time, that Sheet transformed into a Lake of 
Conger Eels: They are vaſtly numerous, indeed, 
————and larger in Size than I have ever ſeen any 


— 


Thing of the Kind; 5, 6, or 7 Feet long, and 3 or 4 
Inches thick : Their quick tortuous and ſerpentine 
Motion are really amazing and ſtupendous.—— Pray, 
what are theſe Creatures in themſelves, and how came 
you by them ? 

Cleon. Theſe are really a Species of ſmall Eels, or 
Anguiculæ; they are found very common in ſour Paſte, 
or ſtale Vinegar, and ſome other Fluids, of which 
ſhall have the Pleaſure to entertain you, one Day o 
other, with the common Microfcope, when you will find 
that, notwithſtanding the Appearance they now make 
by the ſolar Microſcope, they are ſcarcely viſible to the 
naked Eye; ſuch ect of Miniature are the mighty 
Serpents you now ſee. “* SES 


* See Figure 8, in the Plate of Microſcopic Animalculz. Page 
161 in the Miſcellan Y, fury 1755. 
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Fuphroſ. They are every Way wonderful, I find. 
= hat do you' intend to ſurprize me with next, 
Cleonicus? 6 | | | . 
Cleon. You will juſtly admire-the wonderful Mecha- 
niſm in the Eye of a Fl. e 1+ 1 who bt 
Eupbroſ. A glorious Object, indeed I the fmeſt Piece 


of Lattice-work my Eyes have ever yet beheld :—— How 


grand and beautiful are the Works of Nature, and what 
great Variety in the Structure of the ſame Organ 
fin the Surface of this ſmall Eye, I obſerve Myriads of 
thoſe beautiful ſix- ſided Figures. Pray, Cleonicus, 


what Purpoſe do they ſerve, in this viſual Organ, in 


the Fly? 

Cleon. We are not yet acquainted with the Deſign of 
Nature in every Part of her Operation: But I ſhall re- 
commend you to read the Conjectures of ſome of the beſt 
Naturaliſts upon this particular Subject, rather than give 
you my own Opinion concerning it.. Every Part 
of a Fly is equally wonderful, as you will ere long be 
ſatisfied by the common Microſcope ; but they are not 
all equally proper Subjects for the folar Microſcope : But 
the Wings of moſt Flies may be ſhewn to great Advantage 
in this Inſtrument, particularly thoſe that are mem- 
branous and tranſparent; nay, even the hard Wings of 
the Scarab Kind are ſome of them, in the ſmaller Species, 
moſt excellent Objects for this Purpoſe, —ſee one of them 
All the whole Side of the Room. | . 

Euphroſ. Is this, Cleonicus, the Wing of a ſmall, 
contemptible Scarab ?——This is a ſufficient Inſtance, 
to prove how neceflary it is to apply the: Inſtruments of 
Art for giving us right Notions and juſt Ideas of the 
Works of Nature. I think this is the richeſt, and 
moſt glorious Spectacle I ever ſaw, and can ſcarce help 
looking upon it as the Height of Nature's Fancy, in 


P oint of Grandeur ;—it ſeems all an embroidered Ground 


of 


5 


* — — 


* See the magnified Head and Eyes of a Bee, in a large Cop- 
D Print, with ſome Account of it, in the Mitcellany, 


Page 303, for January 1760: And in my Optical Ess avs you 


will find a large Account of the Narux E of Vision in INS ECTS 
explained in a Diſſection of the Eye of the Libella, or Dra- 
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of Gold, emboſſed and ſtudded with Diamonds, in ſuch 
beautiful and regular Squares of Cheques and Compart- 
ments, as nothing but an actual View of ſuch a high 
finiſhed Piece could ever raiſe an Idea of.—Pray, how 
large may the Animal be that is thus fo richly bedeck'd 
and adorn'd ? | 5 "ES 
Cleon. This ſmall Beetle you may have often obſerved 
crawling about upon rotten Wood, old Walls, Cc. of 
ſo. diminutive a Size, as not to exceed one Tenth, or 
Two, of an Inch, and therefore eſcaped your Notice: 
But were theſe Minute Creatures to become magnified. at 
once, | two thouſand Times in Length and Breadth, as is 
the Caſe of the Wing you now ſee, what ſtupendous 
Admiration would they excite in all Mankind The 
higheſt Wiſdom hath directed you to contemplate. the 
Gaiety of the Lilly, and other "bes Flowers of the Gar- 
den, with a Remark, at the ſame Time, that Solomon, 
in all his Glory, was not arrayed like one of theſe. But 
if, as I ſaid, thoſe Animals were to appear at large, we 
thould find Nature much more profuſe in the Richneſs 
of. her Ornaments and Embelliſhments to them.; and that 
the Robes they are inveſted with, do far ſurpaſs not only 
the Glory of Solomon, but all the Pomp and Grandeur 
that all the Courts in the World can afford in Works 
of Art. as - hoe „ 0 i 587 
Eupbroſ. I ſhould never be tired with feaſting my Eyes 
with theſe delightful Scenes; but I muſt not detain you 
too long in Particulars. What is the next Object you 
intend ſhall gratify my ny | > EO 
Cleon. It is what they call the Exuviæ, or caſt off 
Skin of a Spider. See the wonderous Appearance on 
the Sheet. 1 5 . . 
Euphbroſ. Prodigious! nay, even fhocking: What a 
hideous Apparition is this ! a Head three Feet long, —with 
8 Eyes as big as Saucers ;—ecight monſtrous hairy Legs, 
as big as Mill-pofts: What Appearance mult ſuch a 
Spider as this make, with every Part. magnified two thou- 
ſand Times in Length and Breadth, as I now ſee it, alive 
and in Motion. I | 
Cleon. Your Sex are generally intimidated enough 
with this Animal in its natural Size and Appearance 
but were a Spider, as large as you now ſee this, to _ 
rom 
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from the Clouds in the Middle * Smithfield, on a Market - 
day, it would ſcare not only the Ladies, but the But- 
chers themſelves, and find Oxen to feed on inſtead of 
Eupbroſ. T don't know but that might be the Caſe, 
as J have known a Spider to have conquer'd an Ant, and 


. devour it, though nearly as big as itſelf : But enough of 


this tremendous Creature. What does your Microſcope 
next diſplay upon the Sheet ? | 0 | 

Cleon. A Spectacle that will fill you with equal Amaze- 
ment and Delight. —See Rivulets of fluid Particles run- 
ning over all the Side of the Room. B43 e 

Eupbroſ. What can this mean: — I gueſs, by 
what J have heard you ſay, that this is the Circulation 
of the Blood in animal Veſſels.— But what an incredible 
Number of Streams there are, and with what Velocity do 


they flow in every Direction through the Scene Pray, 


Cleonicus, what Part of the Animal is it that appears thus 


large and tranſparent, and in ſuch a wonderful Degree of 


Motie mmm 5 

Cleon. It is the tranſparent Tail of a Water-Newt, 
which I judge to be the beſt Subject of all for this Pur- 
poſe, and are found in every Pond of Water. The Tail 
of a Tad-pole will do nearly as well; as alſo the tranſ- 
parent Web and Toes in the Foot of a very ſmall Frog ; 
the Tail of that Fiſh we call the Loach; and many other 
Subjects may be innocently applied for this Purpoſe, 
without thoſe cruel and inhuman Methods, practiſed by 
ſome who appear to have more the Form, than the 
Rationality of Men.* | 2 

Euphroſ. I abhor the Thoughts of Cruelty, in 


every Shape, and ſhould rather be thought to have no 


Curioſity, or Taſte at all, than a vicious One. I am 
thoroughly ſenſible, by this Experiment, how the Blood 
flows through the Arteries to the extreme Parts, and from 
thence returns again by the Veins; I ſee the very Form 
and Size of the works th of Blood : And therefore keep 
the Creature no longer in ſuch a Condition, which, tho 

| It 


ä 
— — 


* The barbarous Practice of Ai ecting a Frog alive, to ſhew 
the Circulation of the Blood in the Meſentery, is here refer'd to. 


190 THE YOUNG GENTLEMAN 


it may give me much Pleaſure, may be very uneaſy to 
ag" I now wait your following Exhibition. 

 :\Cleon. Keep your Eye ſtedfaſt upon the Sheet, nd 

you will ſoon ſee a common Animal _— In quite.a new 

Light. 

55 Nahe This is a W Ane indeed. 
What hideous Monſter do I ſee? How large his Head, 
his jointed Horns, its bulbous. Eyes, and monſtrous Legs | 
and Sin, the Motions of which are very terrible in 
Appearance E ſuſpect, by the Form, that this frightful 

Creature is the LousE.— But what is that red: Spot l 
ſee in the Forepart of its Body, attended with an odd 
Kind of Motion? diy? 

Cleon. It is a living Louſe that you fee, and the Spot 
which you mention ſhews the Place and Pulſation of the 
Heart; from which, you obſerve a Motion of a: vital 

Fluid-through the middle Part of the Abdomen, or large, 
hinder Part of the Body: But you ſee nothing like the 
Circulation of the Blood in other larger Animals, by 
diſtinct Arteries and Veins. How the Circulation of the 
Fluids are carried on in this, does not, even by this In- 
ſtrument, appear. * 

Euphroſ. Well; an uglier Thing I. 8 een 
they are Objects of our Averſion in their natural Minute 

State; but what an horrible Aſpect they have now 
I have viewed this Monſter long enough. Pray, what 
Appearance does a Flea make? 

. +» Cleon. I have one at Hand to ſhew you,—There, you 

ſiee it. | 

Euphroſ. I do, fure enough :—lt is as large as an Ox, 

;—it ſeems. to be a Creature covered with a Coat of Mail 
or Tortoiſhell,—its Appearance is rather uncouth than 
formidable, and a. good deal in the Shape of a Lobſter, 
as you formerly told me : —— What an amazing Head it 
has, with a large black Eye. But what is moſt ſurpriz- 
ing in the Structure of this Animal is, the peculiar and 
wonderful Form of its Legs, by which one may eaſily ſee 
how Nature has prepared it for moving in the Manner it 

does. 


— 


— 


— — —— — —— 


See a Print and a Deſeriprion of the Loute, Page 893, of 
the Miſcellany, for October 17;8 


* ne 


does. I can likewiſe perceive, in the Body of this Ani- 
mal, a Motion of the Fluids ſomewhat like that in the 
Louſe . But nov for another Object, Cleonicus, if yau 
leaſe. 

l Clean. I ſhall now entertain you n e 
nary Views of che vegetable Kind.— Look at the Sheet, 
and tell me what you think you ſee 1 op Bu 
phroſyne. 

Euphroſ. You have ſuddenly transformed a Gap 

ſomewhat like a wonderful Sort of Stars, —ſome of Which 
are opake, others tranſparent — they are perfectly round, 
and large as Cannon- Balls: — They are vaſtly numerous, 
and make a delightful Appearance, truly. Pray, what 
can it be, of a vegetable Nature, that I ſee? 

Cleon. It is what the Botaniſts call the Farina, or that 
duſty Matter which grows on the Apices in the Middle 
of the Flowers, of which you ſee great Quantities in the 
Tulip, the Lilly, and many others: But that which I 
have in the Microſcope, is the Farina of a Holyhock, 


and is found in all of the Mallow Kind; for in every 


Plant of a different Species, thoſe Particles have a pecu- 
liar Size and Form, as you may obſerve. at your Leiſure 
in the common Microſcope. Now caſt your Eye, again 
on the Sheet, and you will ſee an Object that will. give 


you Pleafare to view it, 


Euphroſ. This is a curious Phoypednangnh 2 4 
This has, in Truth, the Appearance of Vegetation 
itſelf: How beautifully coloured, and regularly branched 
and ramified in every Part Pray, what .do you call 
this, Cleonicus? 

Cleon. It is a Species of a very fine Sea-Plant, or Co- 
ralline, of which there are innumerable} Kinds, and all 

make the ſame beautiful Appearance you now ſee: for 
not only the Earth, but the Sea is productive of Vege- 


tables, Plants, and Trees of various Kinds and Sizes; 


all which afford the moſt curious Objects for the Micro- 
ſcepe.— Again, you ſee the Scene is changed, and an- 
other Part ef a Vegetable expoſed to your View. f 


8 


+ See a Print and Deſcription of the F lea, in the Miſellany 


tor April, 1759s Page 74. 
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Eupbroſ. I think the Appearance of it very fine and 


delicate; but what it is, I cannot conjecture, as I never 
remember to have ſeen any Thing in a Plant of this 
curious Texture, | 1 
Clean. It is a very thin tranſverſe, Slice of the Pith of 
Elder, and though we know ſo little of the Uſe of that 
Part of the Plant, yet you may be aſſured that ſomething 
very conſiderable depends upon ſo elegant, and quite a 
geometrical Structure. The next Object has a ſimilar 
Appearance, but the Pores much ſmaller. 1 
Eupbroſ. Be this what it will, it is vaſtly beautiful ;— 
the Pores, it is true, are much ſmaller, and more nume- 
rous, and therefore a more compact Subſtance than the 
Pith ; but what Part of the Plant it can be, I am as much 
at a Loſs to gueſs as I was before. PE Py Ts 
Cleon. This is a very thin Piece of Cork, which you 
know, is a vegetable Subſtance, as it is the outer Part of 
the Bark of a Cork-T'ree ; and though we cannot ſo well 
tell the Uſe of theſe Pores in Vegetation, yet, as they 
render Cork a ſoft and yielding Subſtance; they make it 
a very fit Medium for many Uſes in Life, particularly 
for corking of Bottles, and ſundry other Uſes for Fiſher- 
men, &c.—Another Object well deſerves your Notice: 
Look upon the Sheet, and you will ſee it. | 
* 72 I ſee ſomething in Appearance very regular, 
full of Holes of a larger and leſſer Size, and diſpoſed in a 
very beautiful Order :—But this, like all other Objects 
in this new View, becomes quite unknown to me, how- 
ever common it may be to the vulgar Sight. 
Cleon. This, my Eupbroſyne, is the eſſential Part of a 
Plant, it is a very thin Slice of Oak, cut tranſverſely, ſo 
as to render it quite tranſparent; for, by this, it appears, 
that the Body of a Plant conſiſts almoſt entirely of long, 
hollow Tubes, or Veſſels, the Orifices of which, when 
cut aſunder, are what makes that variegated Appearance 
of Ringlets of different Sizes upon the Sheet. T hole 
of the largeſt Sort are the Orifices of Air-Pipes, which is 
that Syſtem of Veſſels which circulate the Air through 
the Body of a Plant; and though ſome of them appear 
now near a Foot in Diameter, yet, in themſelves, they 
are ſcarce viſible to the naked Eye.—The other Order of 


ſmaller Orifices are thoſe of the Sap-Veſſels, which circu- 
late 
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lite the nutricious Juices' of the Earth to all the Parts of 
the Plant; and it is theſe that make the very Subſtance of 
the Plant itſelf, and conſtitute . thoſe. cylindric Shells of 


Wood which appear in cutting the Tree aſunder, each of 


which is the Product of one Year's Growth: All which I 


Hall more particularly diſcourſe of, to you, at another 


Time, At preſent, theſe Specimens muſt. ſuffice for 
the Uſe of the ſolar Microſcope, and for giving you a 
juſt Idea and Efteem for ſuch an excellent Invention,” 
and which exceed all others of the optical Kin 
_ 'Enphrof. 1 am much obliged to you for the Trouble I 
have given you; and for your Confinement ſo long in a 
dark Room ; and I ſhall always-look upon the Experi-. 
ments of the Microſcope, and eſpecially of this Sort, . 
as the moſt ſublime and rational Amuſements of my 
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The Deſcription of a Miexoscorie Ar PARArus, 


* 


 Microscors. tagetber. 


As the Minds of Men are affected with a Variety of 
different Sentiments, in regard to the Manner and 


confiting of 4 Single, Compound, and Solar 


112 


— * 


orm of Things deſigned to anſwer the ſame Purpoſe, ſo 
the Artiſt, in order to pleaſe, is obliged to contrive his 5 


Inſtruments of many different Forms and Structures; 
for his Mechaniſm muſt always vary with the Fancies of 
Mankind; and nothing appears to me a greater Inſtance 
of Providence, than that Variety and Mutability which 


we find in the 1 and elective Faculties of the 
human Mind: 
Thing under the ſame Form, and conſtantly to perſevere 


or if all Men were to fancy the ſame 


in their firſt Choice, there would be but little Buſineſs for 
Men ta be employed in, and the World would become a a 
dull Scene, in Compariſon of what it now is.—I have 
already laid before you, the different Sorts of ſingle, 
Vor, II, O . 
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compound, and folar Microſcopes, as they are ufually 
conſtructed, and fold ſeparately by themſelves, for the 
Gratification of thoſe who chuſe to have them in that 
Manner :—But as ſome People are fond of ſingle Struc- 
tures, and like to have every Thing by itſelf; ſo others 
are pleafed with Compoſition, and chuſe to have as many 
_ Purpoſes as poſſibly can be anſwered by a Set of Inſtru- 
ments in the leaſt Compaſs: And to oblige fuch Gen- 
tlemen, Opticians have found out a Method of 'com- 
bining the ſingle, compound, and ſolar Microſcope 
together, in ſuch a Manner, that they are contained in 
much leſs Room, can be afforded at a leſs Price, and 
make a convenient microſcopic Apparatus in one portable 
Caſe; and to give you a diſtin View of the Inftruments 
thus contrived, is propoſed for the Employment of our 
... preſent Hour. e rnagp Ls 
Eupbroſ. Notwithſtanding 7 have been ſo kind as 
to furniſh me with all the Inſtruments under the Deno- 
mination of Microſcopes, yet I ſhall be obliged to you 
for a View of that more compendious Form of: an Appa- 
ratus you have now mentioned, and ſhall gladly receive 
your Inſtructions for the Uſe of it. 
. Cleon. You ſee, my Eupbroſyne, they are all contained 
in this Shagreen Caſe, and are only the eſſential Parts of 
the three different Kinds of Microſcopes, to be united as 
Occaſion requires. —Thus, the ſingle Microſcope is that 
which you have of the fourth Form, (Plate 44. Fig. 1.) 
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tained in the circular Piece of Braſs (K,) as they are 
ſucceſhvely moved and placed under the central Hole in 
the Part (L,) ſince the Stage (G) may be moved nearer 
to, or farther from the Part (L) by Means of the Sliding- 
Apparatus (E F) and the two Screws (a, 5.) The Ob- 
jects are illuminated by the refleting Mirror, (M) mo- 
veable on the Joint (N,) of a Piece of Braſs fixed to the 


on the upper Part of which (at L) you ſcrew on the 
f Body of the double Microſcope, (Fig. 2.) by the lower 
1:4: Part of the Snout (F:) Then, when the Objects are 
13 applied in the Ivory Slider (H) on the Stage (G,) they 
4! may be viewed by any one of the fix Magnifiers con- 


Pillar (C) of the Microſcope.=—— And thus you ſee 
how eaſily and readily you form a compound. Microſcope 
e e 


2 


- 


Cleonicus, could not the magnifying Glaſſes be applied in 


.ceed to apply 
of a ſolar Microſcope 


| ue It is with great Satisfaction that I obſerve it, 
ch I. ſhall frequently put in Practice; but, pray, 


- e 


a Slider, as they are in the ſecond Form of fingle Mi- 


.croſcopes ? (Plate XLII.) i 

Clean... Undoubtedly, they may: But each Way 
1 is ſo eaſy and convenient, that it is hard to ſay which is 
def But, as you have the ſliding Glaſſes already in the 


icroſcope. of the 2d Form, T have. choſe to give them 


you in the circular Plate in this. 


Euphroſ. Very good, Cleonicus ; but how do you pro- 
to apply chis ingle Microſcope to the Compoſition 


- 


Clean. This is done with a great deal of Eaſe; for 


x you. have.only to obſerve, that on the external Part (A) 
of the Drawer (B) in the Tube (C) of the ſolar Microſ- 


there is a Screw; and alſo in the Foot (A B) of 


- 


co 
the ſingle Microſcope there is a central Hole (O,) with 
the Threads of a Screw cut in it, the ſame with thoſe on 
the Part (A) in the ſolar Microſcope, and conſequently 
the Drawer (A) may be readily ſcrewed into the Hole 


(O,) and thus the ſolar Microſcope is completed. 
Enphraſ. I readily perceive. it is; for, when the Plate 


(G F) is faſtened upon the Window-ſhut, the Diſpoſition 


of the ſingle Microſcope is horizontal ; and when the 
Speculum (M) is turned down upon the Pillar (C,) then 
the Rays of Light reflected from the Looking-glaſs (H) 
without the Convex, Lens at (D) they will, by its Re- 


fraction, be converged in ſuch a Manner upon the Objects 


in the Slider (H) as to illuminate them very ſtrongly, fo 


that their Images, formed by the Glaſſes in the Plate (K,) 
may be ſufficiently viſible in their various Degrees of 


Magnitude on the oppoſite Side of the Room. This 


is, indeed, a very ſimple, and, at the ſame Time, a very 
artful and elegant Compoſition of optical Inſtruments, 


Pray, .can any Thing further be expected to affiſt us in 


viewing the Minutiæ of Nature, beſides the Inſtruments 
you have now deſcribed ? | © Nd 
_ » Clean. I am greatly pleaſed to find you inquiſitive ; 


g many People o 


a leſs happy Diſpoſition would have 


thought I had harangued them full long enough on this 
Subject: But, 3 often told you, I am 


deter- 
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determined tliat nothing ſhall eſcape your Notice which 
is deſerving of it, and is, at the ſame Time, in my 
Power to lay before yo: and therefore I ſhall hereafter 
fupply you with 'other Ways and Means for viewing ſmall 
Objects: mean, by thoſe Inſtruments we may 
properly call catoptric Microſcopes, or ſuch where the 
Viſion of. Objects is effected by reflected Light; and 
vou muſt know, and I doubt not but you will then find, 
by Experience, that this is the moſt exquiſite and per- 
- fed Kind of Viſion that Nature affords: For all the 
{Microſcopes that we have hitherto been contemplating 
the Nature of, conſiſt of Lenſes only, and produce their 
Effects by refracted Light; therefore the Viſion of an 
Odject will be imperfe&t upon two Accounts, the firſt is, 
becauſe the regular Refraction of Rays will be obſtructed 
by the Figure of the Glaſs ; becauſe the Rays which go 
through one Part of the Glaſs are not refracted preciſely 
to the ſame Point with thoſe which paſs through another 
Part; and therefore every individual Point in We Object 
cannot be repreſented by a ſingle Point in the Image, but 
will be, as it were, dilated into a ſmall Space, 45d con- 
- ſequently, the ſeveral Points of the Object will be con- 
fuſedly blended together in the Image; therefore it muſt 
- not, be viewed by a Glaſs that magnifies too much, leſt 
it ſhould diſcover. the Imperfection of the Image, and 
render the View diſagreeable. . ; 
Eupbroſ. You are now upon ſuch a nice Subject, and 
what I have been ſo little uſed to think of, that I can but 
juſt comprehend your Meaning.—lI think, you intend I 3 
ſhould underſtand, that unleſs every Point of the Object, N 
which ſends forth Rays to the Glaſs, could have all thoſe 
Rays collected into a ſingle Point, the Viſion or Image 
of that Point cannot be diſtinct and perfe&t.—Am I right, 
Cleonicus 5 4 
Cleon. It is the very. Idea I endeavoured to convey ; 
but that is not to be abſolutely: effected by Glaſſes | 
Beſides this, there is another, and ſtill greater Cauſe of Py. 
- imperfe&t Viſion by refracted Light, and that is, the 
- different Refrangibility of the Rays of common Light, 
that is to ſay, the Rays of Light, proceeding from the 
ſame Point of an Object to the ſame Part of the Lens, 
- will ſome of them be refracted to one Point in the * 
| and 
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and ſome to another : Or, in other Words, ſome will 
be more, and others Jeſs refracted, and, conſequently, 
the ſeveral Points of the Object will be very much dilated 
and confuſed, in the ſame Manner as I ſaid before was 
occaſioned by the Figure of the Glaſs; but in a much 
higher Degree: Nor is this the only Misfortune of 
refracted Viſion ariſing from the Rays being differently 
refrangible; for each particular Sort of Rays that are 
contained in a Beam of common Light, will, at the ſame 
Time, act differently upon the optic Nerve, and produce 


different Ideas of Colour, according to its different De- 


gree of Refrangibility; and therefore one and the ſame 
Point of an Object is not only, by Refraction, multiplied, 
as it were, into many Points; but is likewiſe diverſely 
coloured in each of thoſe Points in the Image, and, con- 
ſequently, when the Image of any Object, formed by 
thoſe Glafles, are viewed by a very deep Magnifier, they 
will appear not only very indiftin& and diſtorted, but 
variouſly; coloured at the ſame Time. — Upon all 
which Accounts it is eaſy to obſerve, that we can arrive 
at greater Powers of magnifying ſmall Objects by ſingle 
Microſcopes, than by compound Ones ; becauſe, in the 
former, we view the Object itſelf, and in the latter its 
imperfect Image: But as one of thoſe Cauſes of 
the Imperfection of Viſion is much leſs by reflected 
Light, and the other wholly avoided, it will, from 
thence, appear how much preferable a Catoptric Microſcope 
is to a Dioptric One. But, that you may be apprized 
more thoroughly of this important Subject, which is the 
Foundation of the Theory, or Doctrine of Colours; I 
muſt take another Opportunity of inſtructing you therein, 
by ſuch Experiments as I make no doubt will affgrd you 
a very agreeable Entertainment, as well as giye you a 
more accurate Inſight into the Nature of Viſion, and the 
Perfection of optical Inſtruments ; eſpecially that Part 
we call Teleſcopes, the Nature of which cannot be well 
underſtood without it. wo. 
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Of the CqLours of natural BoDiEs, and py 2 
Rain-Bows, illuſtrated by Experiman's il {be 
PRISM, &. 


: Wen ieren 

HEN ve laſt converſed together, you ſee! my 
Expectation in regard to the Theory of Colours, 
I think, you then told me, that the different Refrangi- 
bility of Rays was the Cauſe of Colours in all the various 
Objects we view, and that the Proof of this was eafy for 
me to underſtand, by Experiments: If this be ſo, Cleonicus, 
nothing will equal the Pleaſure and Happineſs Which the 
preſent Hour will afford me, 

. *  Cleon. You will find every Thing I have ſaid, relative 
to this Subject, to be true. As the Pride, Gaiety, and 
Beauty of Nature appears more in the rich Variety of 
Colours, than in any one Thing beſides, and ſeem as if in- 
tended in a particular Manner to pleaſure and adorn your 
Sex ; I know of nothing that can prove more a 4-100 for 
a Lady's Study than the beautiful Doctrine of the Colours 
of Light, and which is more eaſily attainable by Experi- 
ments of the Priſm. 

Eupbroſ. I have partly experienced already the Truth 

f what you now ſay. You remember 'very well, 

when we were Children, how often we diverted ourſelves 
with the beautiful Colours that we obſerved in the Priſm, 
that my Father had in his Study, and how often we- de- 
lighted ourſelves with viewing the exquiſite Circles of 
coloured Light, which we always obſerved in thoſe thin 
Bubbles which we blowed up out of Soap-water with 
the Shaft of a Tobacco-pipe.——1 little thought then 
that theſe were Subjects of ſo curious and philoſophical a 
Nature, as I now find they are, — The wonderful Colours 
of the celeſtial Bow, in like Manner, ftrike every one's 
E ye; but the Phænomena of Colours, beautiful as they 
are, are more generally t the W of Senſe, than of the 
Underſtanding. © 
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Cleon. All the World, as well as you, might have 
faid this before Sir Iſaac Newton's Time; they all admired 
the Variety of natural Tints and Colours, but never un- 
derſtood the Reaſon of it; though many of the Philoſo- 
phers attempted to diſcover. the. Cauſe: of Colours, and 


particularly to account for the Rain-bow, no one was ſo 


happy as to ſucceed in that Enquiry, before Sir Iſaac ; 
his great Sagacity in reaſoning about natural Things, 
after he had obſerved the Effects of the Priſm, and found 
that a Beam of Light was variouſly refracted through it, 
concluded, that this different Refrangibility of Rays, was 
certainly, the Natural Cauſe of Colours, as I obſeryed/to 
you at our laſt Interview. 3 
Euphraſ. In what Manner did he proceed to confirm 
r nor 4 doit awite gg box ts es bY 
Clean. I will ſhew you ſome of his Experiments, in 
the darkened Room, with the Priſm, and then you will 
be better able to judge of this Matter. For this Purpoſe, 
you have nothing to do, but to cloſe the Window-ſhutters, 
admitting only a, Beam of Light through the Hole, as 
the Sun now ſhines very favourably for that Purpoſe, and 
I have here, an Apparatus to place the Priſm properly in 
that Beam of Light. 22 
5 N The Windows are cloſed, as you directed, 
and the Beam of Light darts through the Hole to a great 
Diſtance, on the Floor. 
Cleonicus? 1 3 
+ Clean, I place it in its proper Frame on the Table, to 
receive the Beam of Light, and now you obſerve how 
beautifully that Beam is refracted into all its particular, 
and differently coloured Rays. __ 1 
. Euphroſ. A very fine and wonderful Spectacle, indeed; 
Ill ſee the cylindric Beam of ſolar Light paſs into the 
Priſm :—From thence, I obſerve it proceed dilated and 
variouſly coloured to the other Side of the Room, in 
Rays which paint an amazing Spectrum of Colours. 
Clean. This is the coloured irt of the Sun, by Re- 


Where is now your Priſm, 


fraction, thrown into that oblong Form: But it requires 
to be better defined; that you may view it more diſtinctly, 


and to give you a better Idea thereof, I ſhall make th e 
Rays paſs through a Lens, applied to the Hole of th e 
Window-ſhutter, and from thence, falling on a Look- 

94 ing 
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: ing-glaſs properly inclined on the Table, ſhall depict the 
| Sun! Image on the oppoſite Side of the Wall. 
Euphroſ. 1 ſee it; inn an accurate beautiful Circde 
it K 

Cleom. I ſhall now remove the Tvokinguphth, ani 
place the Priſm in its Stead, and you ſee the circular Spot 
no longer continues, but is now transformed, by Re- 
fraction, into the party coloured Spectrum, and Is now 
truly and nicely defined in the Focus of the Lens:— 
This Spectrum is ftill of the fame Breadth with the Sun $ 
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circular Image ;—it is only dilated i in e expe is cir- | 

[ cular at Top and at Bottom. | 

Eupbroſ. Thoſe Particulars ay nn! hart | 

| been endeavouring to count the Number of different Co- 

: Jours, and think I can count five pretty diſtinctly for | 

f all the lower Part appears of a Red, gradually declining | 

[ to a Yellow,—to the Yellow ſucceeds an intenſe Green, 2 

1 above that a bright and lovely Blue, and, on the up- 1 

5 er Part of all, a ſoft, but glorious” Mazarine, or violet | 

I Coe. — 1 never faw Colours in ſuch Perfection f 

1 fore. ä 
0 : * Cleon. The Reaſon i is, becauſe you never * them in 

154 ſo ſimple a State as now; for the Rays of Light are gene- 

[i rally blended, more or leſs, by Refraction — Reflection | 

| from natural Bodies, and therefore produce Colours leſs 

bright, leſs diſtinct and perfect, than what you now i 

behold. Sir Jaac, in his more accurate Experi- { 

ments, could plainly diſcover ſeven different Sorts of 

Colours, ' viz. red, orange, yellow, green, blue, indigo, 

„ and violet, and that each Colour gradually degenerated 0 

„ I into the ſucceeding. The Spaces which theſe Colours 

nl! | ny occupied in the Image were nearly equal to the | 

wh Intervals of a Monochord, when divided ſo as to ſound t 

„ the ſeven natural Notes of Muſic and as there were ö 

1 plainly ſeven different Colours of Light, ſo he reckoned . 

1 ſeven different Degrees in the Refrangibility of Rays. | 

14 | Euphroſ. But what would be the Confequence of 

wo? | receiving any Part of this coloured Light by another ö 

i - Priſm ? Should we not obſerve that Light to be ayain ; 

#14 8:18 differently refracted, and producing a new, and different t 

Wt} a Order of Colours, from what we now ſee by the firſt | 

hr!!! + 1 Refraction ? 3 : 

11 | | 
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Clion. One might imagine that it would be ſo, but 
we find the Contrary by Experiment; — for by a Lens of 
a ſhorter Focus, together with a Priſm, I will ſhew' you 
the coloured Image, on a Screen, placed in the Middle 
of the Room, ſufficiently large to receive the Whole, 
and in the Screen there is à round Hole, through which 
the Rays of any Colour may paſs, by moving the Sereen 
up and down upon the Stand. Thus, for Inſtance, 
I place the Hole againſt the blue- coloured Part of the 
Image, ſo that none but the blue Rays go through it, — 
and then you obſerve, on the oppoſite Side of the Room, 
thoſe blue Rays, after they paſs the Priſm, make only a 
blue Image, that they are refracted, is true, from the 
Direction of the incident Rays; but they are not dilated, 
or ſeparated into different Sorts, as by the firſt Priſm the 
common Beam of Light was: — The ſame will be the 
Caſe when I move the Hole of the Screen to the yellow 
Rays; — for now, you ſee thoſe: Rays, falling on the 
ſecond Priſm, are refracted to the Side of the Room, and 
there make a yellow Spot only, of nearly a circular Form. 
And this I might ſhew of all the reſt. 

Euphroſ, Theſe Experiments ſeem to be curious, and 
exquiſitely deciſive : I plainly learn from hence, that the 
Rays of the Sun's Light are the Grounds, or natural 
Cauſe of Colours, and that they are very differently 
refrangible :— But how comes it to paſs, Cleonicus, 
that we ſee Bodies variouſly coloured in Conſequence 
of this? By looking in a Priſm, we ſee all Bodies 
variouſly coloured; but in Glaſſes, or tranſparent Bodies 
of mY Forms, we ſee them in their own proper Colours 
only. | par on | 
Culeon. The Reaſon of this is founded in a Phyſico-ma- 


thematical Theory of Refraction, & reſulting from the two 


Sides 


— 5 
— = — 
* —— — 


? Which ſee in our Inſtitutions of Dioptrics.— And, for 
farther Illuſtration of this Subject, we have added a Copper- 
plate Print (viz. Plate XLV) in which the Experiments above 
mentioned are ſeverally repreſented, by Beams of Light en- 
tering the dark Room thro' optic Glaſits, and refracted thro? 
Priſms, in the Manner as chere deſeribèd; ſo that, we appre- 
hend, nothing farther is neceflary for Explanation, but bare 


Iſpection. 
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Sides of a Priſm being inclined to each other; addi any 
other tranſparent Body, » whoſe Sides are parallel, or 
terat 


nearly ſo, whatever A 
at the firſt Surface, is reverſed by the Second, and con- 


ſequently, 


ion was made by Refraction 


the refracted Rays are in the ſame State with 
the incident ones, and, therefore, make no Alteration in 
the Appearance of Bodies i in any reſpect. But here we 
muſt except the Figure of a Globe; for the two oppoſite 
Sides of a Globe muſt be conſidered, not as parallel, but 
mclined, and therefore will produce a Refraction of Rays _ 
in the very ſame Manner with the Priſm. If Rays of 
Light fall on the Surface of a Glaſs Sphere filled with 
Water, they will be refracted to the other Side, and there 
ſhew a coloured Spot of refracted Light; from this Part 
the Rays will be "reflected to another Part of the lower 
Surface, and there be refracted a ſecond Time into the 
Air, and dilated into all the different colour'd Rays; 


ſo that if a Perſon's Eye was placed under ſuch a Globe, 
to receive the Ra 0 after a ſecond Refraction, he would 


obſerve all the different Colours appear in that Globe. 

Enupbroſ. I ſhould . be ad, | methinks, if not too 
much 'Frouble, Cleonicus, to ſee this illuſtrated by Ex- 
periment, for bare Do N not ſo clear 
an . 

leon. I was + fully aware of that, and therefore have 
provided, for you, a Globe filled with Water, and 
which 1 ſhall FR in' a Sun-beam, at ſuch a Height 
2 you may eaſily obſerve the Phænomenon that I men- 

tion.— See, there it hangs;—and receiving the Light on 
din upper Part, refracts it from the lower into all it's 
different coloured Rays, and thereby making a Circle of 
coloured: Light on the F loor, very much eb che 
Rain- bow. 

Eupbroſ. There are, indeed, all the Colburs of the 
Bow; and a glorious Phænomenon it is. 

Clron. It will now be eaſy for you to obſerve, that ie 
you place yourſelf in ſuch a Manner, reſpecting the Globe, 
that the Rays of Light- of different Colours, may ſuc- 
- ceſhvely fall upon the Eye, then thoſe different Colours 


will all appear in the Globe, which Helo Ne 1 


yari iegated Arch upon the F loor, 
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Euphroſ. I will place myſelf as you direct. And 
now, as I move my Eye, I ſee the ſeveral Colours 
ſucceed each other in the fame Part of the Globe, agree- 
| ably to what you have ſaid. I ſuppoſe it is from 
hence that you are able to explain the ſeveral Colours of 
the Rain-bow. ain | | 

Cleon. By this Experiment you underſtand the Reaſon 
of that Part of the Iris, or Bow, which contains the 
Circle of ſtrongeſt Colours, and which we emphatically 
call the Rain-bow ; for if this Globe of Water was placed 
aloft in the Heavens, it is very evident that the Sun- 
beams would be there refracted thro” it, as they are here; 
and then, ſuppoſe your Baek was turned to the Sun, as 
it now is, then your Eye, remaining fixed, would per- 
ceive only one Colour; ſuppoſe that to be the firſt or 
red coloured Ray ; then, ſince the Orange is re- 
fracted a little above the Eye, if the Globe was to deſcend 
through a little Space it would cauſe that orange Ray to 
fall upon the Eye; by deſcending a little lower, the 
yellow Ray comes upon the Eye; and ſuppoſing the 
Globe to continue deſcending, the Green, and Blue, the 
Indico, and Violet will ſucceflively paſs over the Eye, 
and conſequently you will obſerve, in the different Parts 
of the Heavens through which the Globe deſcends, the 
different Colours of it's ſeveral refracted Rays reſpectively; 
and therefore, ſince in a Cloud, on which the 
Sun can ſhine, the Globules of Water will each of them 
refract the Light in the ſame Manner this larger Globe 
does, and conſequently ſome of thoſe Globules will be 
in that Poſition that will cauſe the red Rays to fall upon 
the Eye, others, next to them below, will ſend forth 
orange coloured Rays to the Eye; the Drops next 
to them will caſt a yellow Ray to the Eye, and thoſe 
ſucceſſively in order below them will refract the blue, 
indico, and violet coloured Rays to the Eye; and 
thus, in a certain Space in the Cloud, all the Colours 
will appear ; —and fince, under the ſame Angle, 
the ſame Phænomena will be produced, therefore a Circle 
of this various coloured Light muſt neceſſarily be pro- 
duced in the Cloud. ASPIRE 

Euphroſ. I think, J pretty clearly apprehend you, for 
the Rationale of the brighteſt Bow ; but there is one which 
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we commonly call the Water-Gall, which is a, fainter 


Circle of Colours in a ſu derior Situation to the otheg.— | 


Can kg give me. any W aer og this comes 
th H will 77 Fanwen at it, my Eupbro) pne——ln 
* to this, you muſt underſtand, that the Rays of the 
Sun in this Caſe fall upon the Globo in the lower Part, 
from whence they are refracted to a Part behind in the 
lower Hemiſphere; from thence, after two Reflec- 
tions, they are thrown to thę fore Part of the Globe, at 
ſome Diſtance above the incident Rays ;3<—laſtly, ach 
this Part they are refracted out of the Globe in all their 
different bo, hi Species to the Eye: ——and this 1 
I ſhew. yon by Experiment; for now I will direct the 
Beam to the lower Part of the Globe; -then you 


ſee plainly the coloured Spot. behind, to which it is 


refracted, then caſting your Eye on the upper Part you 
ſee the Point to which the Beam is reflected; from 
whence it is a ſecond Time reflected to the fore Part of the 
Globe and from thence, you ſee it a ſecond Time 
refracted out of the Globe into the Air, and the Beam 
thereby diflipated into all its A coloured Rays: 
And now you plainly ſee, by the Colours on the 
Floor, as well as from the Reaſon of the Thing, that the 
ſeueral Rays in the Beam jie in a different Grder from 
what they did when refracted from the Globe before; . 
for there the upper Part was Violet and the under Part 
red; whereas, in the preſent Caſe you obſerve the red 
Rays are the upper Part of the Beam, and thoſe of the 
violet Colour in the. loweſt Part. Therefore, the 
two Bows in the Heavens muſt neceſſarily appear with 
their Colours inverted ;———and, laſtly, you will un- 
derſtand, that as in the preſent Caſe there are two Re- 
flections of Light in the Drop, and in the former Caſe 
but one Reflection, and that a conſiderable Quantity of 
Light is loſt at each Reflection, therefore the refracted 
— will have leſs Light, and the Colours, of courſe, 
will be more dilute and faint, which you always obſerve 
to be the Cafe of the ſuperior Bow. 
Euphroſ. J can partly ſee, from all that you have faid, 

the general Reaſon-of both the Bows ;—and I could almoſt 


withs s that inſtead of ſo fine a Day, it had Happen to 
ave 


5 + . 1 K — E 141 % 
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have, been à ſtormy, or a rainy one, that'T might Jave 
ſeen the Bows juſt now in the Heavens, while the Thing 
is freſh in my Mind. This Lecture is moſt proper 
in the Spring Seaſon, when Aru Showers 6 frequently 
preſent us with this Experiment, at large, in the fable 


* 


Clean. Yau ſtill have your Wiſh, my "'Euphroſyne, in 
every Rel Day. — For here you ſee a Wai 
Inſtrument, which is called an artificial FounTAIN, 
with a various Apparatus for making different Kinds of 
Jet & Baus; amongſt Which, one is particularly deſigned 
to throw up many. fine Streams of Water to a great 
Height, which, as they ſpread very wide, mix and blend 
together in their upper Part, and form a beautiful Shower 
of artificial Rain; and, therefore, when I ſet this Foun- 
«ain in the Sun, and let it play, if you put yourſelf in a 
proper Poſition, you will ſee, in the deſcending Drops of 
the Shower, the fame Appearance of refrafted Light, 


and, nſequently, the two Bows formed in the ſame 


Manner as in a natural Shower. — 855 
Euphroſ. Such an Experiment will give me great En- 
tertainment; but you muſt tell me in what Situation I 
muſt put myſelf, in order to view it. 
Clean. This you will know by only conſidering, that 
the Rays go into, and come out of the Drop on that 
Part of it which is next the Sun, and therefore, that the 
immerging Rays may fall upon your Eye, your Face 
muſt be directed to the Shower, and, conſequently, your 
Back to the Sun. Therefore, when you ſee the Foun- 
tain playing, you move one Way or other, till your 
Shadow points directly to it, and then you will obſerve 
the curious Appearance of the Bows.——See, now the 
„Tan ß $78 
_ +. Euphbreſ. 15 makes a natural, and large Shower, indeed. 
My Shadow directs me to the proper Poſition: . 
And now I truly fee all that I could wiſh for The 
Colours of the Rainbow, very ſtrong and vivid=thoſe'vf 
the Water-gall, languid and faint The Colours of each 
in an inverted Order. But what ſurprizes me moſt of 


7 


i o 1 


all, Cleonicus, is that when I know this artificial Shower 
is ſo. near me, the . Bows appear, notwithſtanding that, 
as far off, and as large as thoſe that we really ſee in the 


* 


i WE — 
natural Showers of Rain. 


© Clean, The Reaſon of this is, becauſe. the Sky is the - 
apparent Place of all Things that we obſerve in the Air; 
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"there the Moon appears as well as the Stars, and thete . -* 
"the Halo appears about the Moon, though formed in the: 
„thick Fog of the Atmoſphere, near the Eye. B, 
the Laws of Optics theſe Things muſt be ſo; and you mm 
ſee the two Bows, that are not above 30 Feet from you, -=—_ | 


18 


and Diſtance in the Heavens. „„ 
N N 1 I don't know that I ever ſaw an Experiment 
which afforded me greater Pleaſure, and, in its own Na. 
ture, ſo curious and ſublime. What a wonderful 
Scenery of Nature is here diſplayed! Surely the Do&rine 
of Colours is highly worthy of, every Perſon's Contem- 


TEST TENT N 
_  Cleon. And yet, when we conſider that though thoſe 
various Beauties of Nature are the common Odjects of 
Viſion, how few there are that underſtand the Reaſon 'of nn 
them, and how much fewer ſtill are any Ways anxious  _ 
about it; it muſt appear a wonderful Thing to eve n_ 
rational Man. — Not only the Ladies, but Gentlemen 
love to ſee themſelves rendered conſpicuous by Garments „ 
and Habits of different Colours and Dyes; but if thoſe 
Colours are deemed fo great an Ornament to the Perſon, 
how much more will the Knowledge of the natural I: 
_ Cauſes of them adorn and become the reaſonable Mind, , nn 
If this be neglected, the Peacock has a much better 5 
Claim to Pride, from the Decorations of Nature, than 
any of the human Species, whoſe Colours are, at beſt, 
but mixt and imperfect, when compared with the ge- 
nuine and ſimple Colours, intenſely heightened in the 
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Plumage of that ſtately Bird. | 5 
Euphroſ. J muſt confeſs, though T have no Averſion 
to moderate Gaiety and Dreſs, yet the Rationale of the 

Colours I wear, give me a Satisfaction and Pleaſure of 2 

much higher Kind; for now, I not only put on a red, 2 

 gellow, or blue Ribbon, but they give me Occaſion, at the 
fame Time, to reflect on the Reaſon why they are ſuch, = = 

and thereby double my Pleaſure in the Uſe of them.—- iſ * Roy 

For I obſerved, while you were ſhewing me the Expeti- —F 

ments of the Priſm in the dark Room, that whatever 

Odject was placed in the refracted Beam of —_ 
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Light, appeared conſtantly. of the Colour of thoſe Rays 
that fell upon it, becauſe thoſe Rays were alone reflected 
to the Eye; and, therefore, in regard to any Colours in 
Objects by Reflection or Refraction, I am taught, by 
theſe Experiments, to underſtand, that they proceed only 
from ſuch or ſuch particular Sort of Rays, as are reflected 
or refracted to the Eye. ws 2 

Cleon. You apprehend this Affair very happily ; the 
Thing you mention comprehends near the whole Rationale 
of the Doctrine of Colours when Objects reflect or 
refract the Rays ſingly, they muſt neceſlarily appear of 
the Colour proper to thoſe, Rays; but ſome Sorts 
of Matter will reflect one Sort of Rays and refract' 
another; and therefore appear of one Colour by Reflec- 
tion, and another by Refraction; thus, for Inſtance, 
Leaf- gold reflects the yellow- making Rays, and there- 
fore YELLOW 1s its common Colour, but it tranſmits the 
green and the blue Rays, and therefore appears of an 
azure Colour, by refracted Light. Such Bodies as 
throw up all the Rays promiſcuouſly muſt appear whzte, 
which is the natural Colour of the Sun's Löt, where 
all the different coloured Rays are uniformly blended 
together: On the other Hand, ſuch Bodies as 
imbibe all the Light, and reflect little or none, appear 
of a dark, or black Colour, if I may fo ſpeak, for in 
Strictneſs of Speech, Blackneſs is the Abſence of all 
Colour, rather than a Colour itſelf :— Laſtly, as 
two or more different coloured Rays are reflected and re- 
fracted from Bodies they will exhibit a compound or mot- 
ley Colour, and thus all Variety of Colours in Bodies 
may be readily accounted for by the different Refrangi- 
bility and Reflexibility of Light. But I muſt. re- 
commend to your Peruſal ſome eaſy Treatiſe on this 
Subject, which wilt farther enlarge your Ideas and 
Notion of the Doctrine of Light and Colours; the 
principal of which is Sir Jae Newton's Treatiſe of 
OpTics,* | | 


r 2 
mY * * 


1110 — 


* The Reader may alſo pleaſe to peruſe our [r/titutions of 
DioprTerICs, eſpecially the popular Part; alſo Chap. VII. on 
the Subject of priſmatic Colours, p. 140.— And farther, _ 

| | Illuſ- 
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2003 THE YOUNG | GENTLEMAN 
Eu phrof. Well; I have pretty well tired you: for this 


| T; ime; I ſhall peruſe that great Author's Book, and ſhall 


not be a little proud if there be any Thing in is Writ- 
ings that I can pretend to underſtand. * Jon Cleonicus, 


what is to be the Sade of dar next nee Con- 


ference? 
Cleon. By the preſent Experiment akd Diſcourle, I have 


endeavoured to prepare you for underſtanding the Doc- 
trine and Nationale of Peleſcopes, the different Forms, 


Conſtruction, and Uſes of which I ſhall-diſcourſe of to 


| Patt Opportunity will permit, and which, I make no 


bt, will prove only oy n agreeable te (770g © 


1 1 
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DIALOGUE vi. 


On the Oviginalof Tn tzscorns; ; and their general 


8 Kix ps, and ee 


| Begbroline. 
ELL, Cleanicus, here is an ilattribus Appeat- 


Cleon. They are; my Euphroſyne, but of different Sorts 


and Forms. 
Euphroſ. Pray, what is properly i imported by the Word 


Teleſcope ? for I obſerve it is a general Name for Inſtru- 


ments of many different Sorts. 
Cleon. The Word Teleſcope is of Greet Ori iginal, and 


| fignifies 2 an Inſtrument intended to a” ir the Sight, that 
is to ſay, to improve and perfect the Sight of any 7 Obje&, 
„ 


— 9 


Iluſtration of the "FERC Doine of the Reidy, we 


have added a Copper-plate (Numb. XL VI.) to render viſible to 


the Eye the Manner in which the Beam of Light enters the 


Drop, is reflected in it, and refracted from it, in the Two Ex- 
periments for ſhewing the Colours of each Bow, reſpectively; 
- and which, we ſuppoſe, can need no other Explanation than 


bare Inſpection. 


| ance of. various Kinds of Inſtruments, moſt cer- 
| 97 5 pray, are they all of that Kind you call Tele- 
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his which the Eye alone is not fitted to diſcern ; theſe. I have 1 
all obſerved to be ſuch as are exceeding ſmall, and others = 
it- which are very remote; for the Limits of natural Viſion, 
us, are, on one Hand, the Diſtance. of about ſix or ſeven 


Inches from the Eye; and, on the other, an Angle of 


4 about one Minute of a Degree; unleſs diſtant Objects 
we are ſeen under an Angle greater than that, they cannot 
e- be diſtinctly viewed by the Eye; and though the Word 


is; Teleſcope is 8 and comprehends all Glaſſes that tend 
to to improve Viſion, yet Cuſtom has reſtrained it to mean J 
that particular Sort only, which relates to diſtant. Ob- _ 


nd 

| jects; ſo that, by a TELESCOPE, is uſually ſignified an i 
| Inſtrument that perfects the View of diſtant Objects. Y 
MY Euphroſ. Is the Invention of Teleſcopes of antient or : 


modern Date ? ö q 
Cleon. It is certain that it is not of very antient 
| Date; the famous Roger Bacon, before the Year 1300, 
al was the firſt that we find making any particular Mention 
of Inſtruments for magnifying ſmall Objects, or making 
very remote Objects appear plainly to the View; and it 
is worth while for you to be acquainted with ſome of 
his Expreſſions, to this Purpoſe, which are as follow; 
Z | for thus Lenſes and Speculums may be figured, that 
I one Object may be multiplied into many, that thoſe 
which are poſited at a great Diſtance may be made to appear. 
very neur; that thoſe which are ſmall may be made ta 


1 appear very large, and theſe which are obſcure to appear very 
1 plam ; and we can make Stars to appear where we 
7 will. One would think, from ſuch kind of Expreſſions 
8 as theſe, and other Tracts which he wrote upon the 
1 Subject of Viſion, that this Author muft have been 
| well acquainted with the Nature, Conſtruction, and 
s Uſe of Teleſcopes, and all the Glaſſes which compoſe 
? them. But our modern Critics in Optics, deny him, 
Anot only the Invention, but even the Knowledge of 
* any ſuch Conſtruction as we at preſent call Teleſcopes. 

© Euphroſ. J cannot ſay but I ſhould at once have con- 
1 _ Cluded that Roger Bacon, by his Manner of ſpeaking, had. 
e been an excellent Optician; but if he was not, ean you 
. tell me, Cleonicus, who was the Author of ſo uſeful an 
5 Invention? ; 785 i 
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Cleon. I do not wonder to find you ſo very particular 
in enquiring after the Inventor of fo excellent an Inſtru- 
ment. The great 'Hugtnivs ſays, That in his 
Opinion, the Wit and Induſtry of Man has not producsd any 
Thing ſo noble, and ſo worthy of his Faculties as this Sort 
of Knowledge, (viz. of the Teleſcope) ; inſomuch, that if 
a particular Perſon had been fo diligent and ſagacious as 13 
invent this Inſtrument from the Principles of Nature and 
Geometry, for my Part, I ſhould have thought his Abilities 
vere more than Human; but the Caſe is ſo far from this, that 
the moſt learned Men have not yet been able ſufficiently to 
explain the Reaſon of the Effects of this caſual Invention. 
This Author further adds, that though the Invention 
of this Inſtrument was certainly caſual, yet James Mæœtius, 
2 Dutchman, is ſuppoſed to be the firſt Inventor; but, 
faid he, to my certain Knowledge, Teleſcopes were made 
before his Time, viz. about the Year 1609, at Middleburg, 
in Zealand, either by * John Lipperſheim, or Zachary 
Fanſen ; notwithſtanding this, it is certain, that Bap- 
2a Porta, in his Book of natural Magic, ſeveral Years 
before, had delivered ſome Sketches of the Art of anaking 
'Felefcopes, but what he had done in that Way was 
merely accidental, and not the Effect of any Skill in 
Dioptrics. After the Fame of the Dutch Teleſcopes 
began to ſpread Abroad, it ſoon reached the Ear of the 
famous Galileo, who being a conſiderable Mathematician, 
fet about improving the rude Forms of the firſt Inventors, 
and ſoon made them in that Perfection that he, the firſt of 
Men, diſcovered the SATELLITES of JUPITER by One 
of his own making, and after that Time they became 
common, and ſoon. made their Way into every Corner of 
the learned World. - | Ea; 
 Euphroſs By the Accounts you have now given, who- 
ever might, at firſt, caſually hit upon the Conſtruction of 
what you call 'Feleſcopes, yet it appears, that Galileo was 
the firſt who improved it into any of the Forms now in 
uſe. Pray, have you any Teleſcopes, of the original 
Conſtruction, by this famous Italian? | 


— 
— 1 


— 


* There are two elegant Prints of theſe two Inventors of the 
Teleſcope, from the Paintings-of BexcKMan, in which their 
Names are ZAchARIAS JAxs EN, and Hays LiepgRHEY- 
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Cleon. We have one of the Form he firſt contrived, 
and it is the moſt ſimple, as well as the moſt diſtin& of 
all others. and, to this Day, is called Galiles's Tele- 


ſcope; of which I ſhall, by and by, give you a more 


particular Account of its ſeveral Parts :;——But as this 
is ſuch an intereſting and curious Point, I cannot but 


think you will be pleaſed, if I give you an Account, in 


his own Words, of his Improvement of this Invention, 


which he publiſhed in his Book entitled, Nuncius Sidereus, 


in March, 1710, as follows : Near ten Months 
ago it was reported, that a certain Dutchman had made a 
Perſpective, thro* which many diſtant Objects appeared 
diſtinct as if they were near; ſeveral Experiments were 
reported of this wonderful Effect, which ſome believed, 
and others denied; but having had it confirmed to me a 
few Days after, by a Letter from the noble James Ba- 
dovere at Paris, J applied myſelf to conſider the Reaſon 
of it, and by what Means I might contrive a like Inſtru- 
ment, which I attained to, ſoon after, by the Doctrine 
of Refiactions : and, firſt, I prepared a leaden Tube, in 
whoſe Extremities I fitted two Spectacle-glaſſes, both of 
them plain on one Side, and on the other Side one of 
them ſpherically Convex, and the other Concave, Then, 
applying my Eye to the Concave, I ſaw Objects appear 
pretty large, and pretty near me; they appeared three 


Times nearer, and nine Times larger, in Surface, than 


to the naked Eye: And ſoon after, 1 made another which 
repreſented Objects above ſixty Times larger; and, at 
laſt, having ſpared no Labour nor Expence, I made an 
Inſtrument ſo excellent as to ſhew Things almoſt a thou- 
ſand Times larger, and above thirty Times nearer, than 
to the naked Eye.“ And in another Part of his 
Writings he tells us, that „He was at Venice when 
he heard of the Effects of Prince Maurice's Inſtrument, 
but nothing of its Conſtruction; that the firſt Night 
after he returned to Padua he ſolved the Problem, and 
made his Inſtrument the next Day; and, ſoon after, 
preſented it to the Doge at Venice, who, to do him 
Honour for his grand Invention, gave him the ducal 
Letters, which ſettled him, for Life, in his Lectureſhip 
at Padua, and doubled his Salary, which then became 
treble of what any of his * had enjoyed before.“ 
EA L 2 | | 
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Euphroſ. I do not wonder to find that this celebrated 
Man met with ſuch Honours and Preferments, from that 
great Patron of Learning, for his perfecting, and reduc- 
ing to Practice fo excellent a Diſcovery :>—— But I 
long to be informed of the Nature and Structure of his 
Teleſcope. 7 | 

Cleon. It will be neceſſary to begin with that; ſince, 

as I informed you before, it is the moſt ſimple Structure 
of this Kind of Inſtruments, But, that you may 
be apprized of the Rationale of a Teleſcope in general, 
it muſt be conſidered, that the Defign of ſuch an Inſtru- 
ment is to inlarge the optic Angle, under which diſtant 
Objects appear; fo that by that Means they might be 
rendered more perfectly viſible, or diſtin&t to the Eye.— 
This is done by forming the Image of a diſtant Object 
A in the Focus of an optic Glaſs, and then by viewing 
BY that Image by another ſingle Glaſs, or Lens, of a ſhort 
11 focal Diſtance. | | 
"wt  Euphroſ. You will be a little more particular in ex- 
5 plaining this Matter, before I can readily apprehend you. 
"4 Lien. I intend ſo to be; for neither you, nor any 
| one can be ſuppoſed to underſtand the Effect of a Tele- 
0 | ſcope in a Word or two: — Therefore, you will re- 
1 collect that in the Focus of any Convex Lens (from the 
1 Experiments I formerly ſhewed you) the Image of every 
1 Object is formed, — and that that Image ſubtends the ſame 
1 Angle at the Center of the Glaſs, as the Object itſelf 
_ does; that is to ſay, in other Words, the Object and its 
„ | Image are both feen under the ſame, or equal Angles, by 
1 the Eye placed at the Center of the Glaſs.—In the next 
Place, you are toobſerve, that as the Image of an Object is 
in every reſpect an exact Picture, or Repreſentative of that 
Object, it will follow. that the ſame Idea is formed in 
the Mind, of the Nature, Form, Magnitude, Colour, 
Sc. of the Object, whether the Eye at the Center of the 
Glaſs views the Object itſelf, or the Image thereof in its 
Focus, —Farther, you will remember, that any Ob- 
je, placed in the Focus of a Glaſs, will appear very 
diſtinctly through it, as the Rays proceeding from the 
Object to the Glaſs are, by Refraction through it, ren- 
dered parallel to the Eye, which is a neceſſary Condition 
for diſtinẽt Viſion, Therefore, if an optic Lens of 
| | the 
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the Convex Form, and of a ſhort focal Diſtance, be applied 
to view the Image before mentioned, you will eaſily un- 
derſtand, that then that Image will appear diſtinctly; 
and, conſequently, the Object itſelf will be thereby 
ſhewn diſtinct in all its Parts; and ſo much the more ſo, 
as the Differences between the focal Diſtance of the two 
Lenſes is greater, within a limited Degree. And 
therefore, laſtly, as the ſame Image is nearer to one Lens 
than the other, it will of Courſe ſubtend a larger Angle 
at the neareſt Lens, and therefore will, through it, be 
ſeen larger than through the other; and conſequently the 
Image, and, of Courſe, the Object will be thereby 
magnified in Proportion. Therefore the common Rule 
for eſtimating the magnifying Power of Teleſcopes con- 
ſtructed with two Lenſes, is the Ratio of their focal 
Diftances reſpectively. | | 
Euphraſ. I have a better Notion than I had of the Uſe 
and magnifying Power of a Teleſcope; but I am perſuaded, 
if you could exemplify what you have faid by an Experi- 
ment, 1t would ftill render the Nature of that Inſtrument 
more eaſy to be conceived, 165 
Cleon. That I can eaſily do, in the following Manner; 
ere is a Teleſcope with two Lenſes ; that which is 
in the great End is called the Obje#? Lens, as being next 
the Object when we view it; the other is called the Eye- 
zlaſs, as being within a ſmall Diſtance of the End to which 
the Eye is applied in uſing the Teleſcope :>—— ———* The 
Object Lens I take out of the Telefcope, and fix it in 
a dczoptric Ball and Socket, placed firmly over a Hole in the 
Window-ſhut, made for that Purpoſe, and then putting 


the Window-ſhutters together, the Room is made Dark, 


3 and 


—— 


* 
* — 
F * — 


* The Experiment of the SciorrxI BarL and Glaſſes in 
the Camera Ob/cura, is one of the moſt delightful in Optics, 
and thoſe who have ſeen it, will readily underſtand all that is 
here ſaid concerning the Nature and Effects of a Teleſcope : 
They who have not ſeen it, have it in their Power to purchaſe 
the Inſtrument at a ſmall Price, and to try the Experiments 


without any Trouble; but they who have not Curioſity enough 


to do this, are deſervedly excluded from participating in thoſe 


Pleaſures which are the moſt exquiſite that Nature affords, 


and place us at the greateſt Diſtance from the Brute-Creation, 
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and you ſee nothing but what comes through the Glaſs 
by Rays of Light from without. A large, moveable 
Paper-ſcreen, upon a Stand, is provided, and which I 
now place at the focal Diſtance of the Glaſs from the 
Window, which is in this Glaſs but 3 Feet: Upon 
this Screen, you obſerve, there is inſtantly formed a beau- 
tiful Landſkip of all the diſtant Scenes of natural Objects 
without. | 

Euphroſ. Indeed, I do; and a finer Picture was ſurely 
never ſeen, —W hat wondrous Painting is this! 
I fee the diſtant Fields and Meadows, with the meandrous 
Windings of the River |———1I view every Thing in 
Motion, the People walking, the Cattle grazing, and 
the Ships failing in the River. — The Objects all 
richly variegated with their natural Tints and Colours, 
| the Buildings all in Perſpective, with a natural 
Relievo by Light and Shade do not know that I 
was ever ſo delighted with a View of Nature at large, as 
I am with this Picture of it in Miniature — and, 
upon the Whole, I cannot but obſerve how infinitely the 
beauteous Paintings from Nature's Pencil exceed the Imi- 
tations of thoſe who copy her; and when J hear of the in- 
credible Sums of Money that have been given for ſuch in- 
ferior Performances, and at how ſmall a Price thoſe Glaſſes 
-are purchaſed which preſent us with the inimitable Origi- 
nal, I am quite at a Loſs to conjecture at the unaccount- 

able Fate of Things. | 
_ Clean. Moſt Things of this Nature you will always 
find very difficult to account for; and in all Subjects of 
this Nature which depend on the Fancy, Humour, or 
Caprice of Mankind, you will generally obſerve a very 
reat Diſproportion betwixt the real Worth, or intrinſic 
Value of the Thing, and the Price that is paid for it. 
But to return to the Subject: Lou obſerve, in one 
Part of the Screen there is a round Hole, of about Half 
an Inch in Diameter, upon which any Part of the Picture 
may be thrown at Pleaſure. On the other Side of the 
Screen is made to ſlide over the Hole, a ſmall Cell, or 
Tube of Wood, containing a convex Lens whoſe focal 
Diſtance is one Inch and a Half, that alſo is the Diſtance 
of the Glaſs from the Hole; the Diſtance of the ſaid 
Glaſs from the other End of the Tube. is es j 
nen, 
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Inch, to which End, if the Eye be applied, it will, by 
Means of that Glaſs, view thoſe Parts of the Picture 
which fall upon the Hole in the Screen, and perceive 
them very diſtintly ; and, in viewing theſe, you view 
the Objects, of Courſe, to which they belong. 
You may, by placing yourſelf behind the Screen, try the 
Experiment immediately. 

Euphroſ. I ſee perfectly well the Thing you mention, 
I ſee the Man walking by the River-ſide ;:——— 
I can eafily diſtinguiſh the Colour of his Cloaths, his 
various Motions, and, what is very ſurprizing, he ſeems 
extremely near, and walks with his Heels upwards.——- 
The ſame I obſerve of other Objects, when I move the 
Screen to bring them upon the Hole, as you have 
directed me. | | 

Cleon. Your ſeeing the Object inverted, or upſide- 
down, is a neceſſary Conſequence of your viewing it in 
its Picture ; for the whole Landſcape is in an inverted 
Poſition, as you ſee; and therefore every Part, when 
viewed by the Glaſs, muſt appear in the Poſition it really 
has, viz, upſide-down. ns 1 

Euphroſ. This I plainly perceive muſt be the Caſe ; 
and I farther ſuppoſe, that the Reaſon why it appears ſo 
very near is, alſo, becauſe its Image, by which I view 
it, is ſo very near to the Glaſs, 4: 

Cleon. That is the true Reaſon which you have aſſignedz 
and the Image, at that Diſtance from the Glaſs, ſub- 


_ tending a much larger Angle, occaſions your ſeeing every 
Part much more diſtinctly, than it could appear if 


viewed by the Eye at the Diſtance of the Glaſs in the 
Window; that is to ſay, it will appear as much larger, 
and more diſtinct in the former Caſe, than in the latter, 
as the Glaſs is there in Proportion nearer; for Inſtance, 
the Diſtance of the Eye-glaſs is but one Inch and a Half 
from the Image, but the Diſtance of the Object-glaſs in 
the Window-ſhut is 36 Inches. Theſe two Diſtances 
are to each other as 1 to 24, and therefore the Image 
appears under an Angle 24 Times as large when viewed 
through the Eye-glaſs, as it does when viewed at the 
Diſtance of the Object-glaſs ; and therefore it appears 
very plainly, from hence, that the Object will be ſeen 
under an Angle, when viewed in its Image, 24 Timeg 
fe f P 4 1m 
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larger than it appears to the naked Eye, or juſt ſo large as 
it would appear at one 24th Part of the Diſtance that it 
is from the Window. EL. | 
' Euphroſ. Then if I underſtand you rightly, an Object 

at the Diſtance of 24 Rods, Furlongs, or Miles, will 
appear as plain in its Image, by Means of theſe two- 
Glaſſes, as it would do to the naked Eye at the Diſtance 
of one Red, Furlong, or Mile. 3 

Cleon. That is the very Caſe: And from hence you 
will infer, that the Object is not improperly ſaid to be 
magnified 24 Times, — Now, from all that we have 
here done in this darkened Room, the Reaſon will appear, 
why thoſe Glaſſes are put together at each End of a long 
Tube to render them uſeful in the Form of a Teleſcope, 
viz. becauſe the Space in which the Image of Objects 
are formed ought to be quite dark, or rather to have no 
other Light than that which enters the Glaſs and forms 
the Image of the Object. — This will appear by an 
Experiment; for if 1 open the other Shutters (letting 
that only remain ſnut which holds the Glaſs) then, becauſe 
the broad Day- light falls on the Screen, the Images of the 
Landſcape, which before were viewed ſtrong and diſtinct, 
are now, by this Profuſion of foreign Light, rendered 
faint, confuſed, and ſcarcely viſible; and when you apply 
your Eye to the Glaſs, as before, behind the Screen, you 
ſcarcely perceive the Object for the dazling Light which 
now overwhelms it. | EE 

Euphroſ. Well, let me try this Experiment. l no 

ſooner apply my Eye to the Glaſs than I perceive the 
Truth of what you ſay :—— — The Object is loſt, in 
the Glare of Light, ſo far, that it can ſcarcely be ſaid 
to appear.— I am hereby thoroughly convinced how 
neceſſary it is to exclude, from the Place where the 
Images of Objects are formed, all Light, but that which 
proceeds from the Object itſelf, in order to ſhew it di- 
ſtinctly. But one Thing occurs which ſuggeſts the 


following Query: Pray, if the Hole in the Screen was 
larger, could I not ſee more of an Object, or more Ob- 
jects than one, with equal Diſtinctneſs? For I think the 
View is very much confined by ſo ſmall a Hole. 
Cleon. Not with the ſame Eye-glaſs, my Euphroſyne ; 
for, by Reaſon and Experiments, Opticians are taught 
| | EEE RO 
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to make the Diameter of the Hole about 3 of that of the 
Eye-glaſs, in order that the Image may appear diſtinct. 
This Hole is generally called the Field of View; and 
therefore if the Field be enlarged, the Diameter of the 
Eye-glaſs muſt be enlarged likewiſe, and alſo its focal Di- 
ſtance, of Courſe; for if you enlarge the Diameter, or 
Aperture of the Glaſs itſelf, you may ſoon exceed the 
Limit for diſtinct Viſion, ſince every Glaſs has a limited 


Aperture as well in Teleſcopes as in Microſcopes, as I 


have before obſerved to you. 


a larger Field of View, we loſe in the Power of magni- 
fying ; for ſince the focal Diſtance of the Eye-glaſs inuſt 


be larger, it will not be ſo often contained in that of the 


Object-glaſs, and conſequently the Object not appearing 
under ſo large an Angle, will not be ſo much magnified 
as before. | _ 

Clegn. With the ſame two Glaſſes you cannot enlarge 
the Field of View, and at the ſame Time preſerve equal 
Diſtinctneſs and magnifying Power: You may, indeed, 
chuſe two other Glaſſes whoſe focal Diſtances are increaſed 


in Proportion; for Inſtance, if the focal Diſtance of 
the 2 be 6 Feet, or 72 Inches, and that of the 


Eye-glaſs 3 Inches, each of them double of what we now 
uſe, in this Caſe the Aperture of the Eye-glaſs, and of 
the Hole, may alſo be enlarged to twice the Dimenſions ; 
but then the magnifying Power ſtill remains the ſame, 
as alſo the Field of View; for though the Hole be en- 
larged, yet, becauſe the Image is enlarged in the ſame 
Proportion, no more can fall upon that Hole than falls 
on this, and conſequently no more of the Object can be 
ſeen: And if the Aperture of the Object-glaſs be made 
twice as large alſo, then there will be the ſame Degree of 
Light, or Brightneſs in the Object. — But one Thing 
you would obſerve in that Caſe, viz. that the Object ap- 
pears more diſtinctly in all its Parts, for a very ſmall Image 
will not appear fo diſtinctly as a large One, under the 
ſame Angle, and with the ſame Degree of Light; and 
therefore the Power of magnifying, by Means of Obje&- 
glaſſes of a larger focal Diſtance, may be encreaſed with 
ſufficient Degrees of Brightneſs and Diſtinctneſs of Viſion. 


Thus, for Experiment Sake, I will take that Glaſs from 


a the 


1 If this be the Caſe, what we gain by having | 
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the Window-ſhut, and place another in its Room of 
double its focal Diſtance, v:z. 72 Inches; them remove 
the Screen to the ſame Diſtance from the Window, where 
now you ſee the Landſcape greatly enlarged, twice as 
much in Length and Breadth, and therefore 4 Times as 
large in Surface as before; and as the Diameter of the 
Aperture of this Object-glaſs is twice as much as that of 
the former, there will be the ſame Quantity of Light in the 
Picture; ſo that each Image is now equally bright as before: 
Then I apply a Glaſs of 3 Inches focal Diſtance 
behind, which will ſhew the Object under the ſame 
Angle as before, the Hole in the Screen being now 
twice as large. Go, and apply your Eye to the 
Tube, my ZEuphroſyne, and tell me how it appears. 
Euphreſ. I will. By what you have ſaid, Things 
ought to appear nearly the ſame as before, But the 


Scene appears every Way more grand ; and I cannot help 


thinking that the Objects ſeverally appear not only more 
perfect, but alſo larger at the ſame Time. 

Cleon. Your Obſervations are very juſt, except the 
laſt ; the Objects are not in Reality magnified : This is a 
Deception of the Fancy ; for we always imagine that the 
more illuſtrious any Thing appears, the larger it muſt be 
at the ſame Time. — That the View of every Part 
is more perfect, I will allow; for which Reaſon I ſhall 
ſhew you, by another Experiment, that the magnifying 
Power of the Eye-glaſs may be increaſed, by changing 
that which is a new One of 3 Inches focal. Diſtance, 
and ſubſtituting another in its te | 
This is done: Take a View as before, 

Euphroſ. I do; and cannot but ſay, the Objects ap- 
pour ſufficiently diſtin, tho* magnified much more than 
— But they appear not altogether ſo lightſome, or 
right. | | | | 

Clen. They are magnified now in Proportion as 2 to 
72, or 1 to 36; and therefore the Power of magnifying 
now exceeds that in Proportion as 36 to 24. But, 
whereas you ſeem to think the Objects are now not bright 

enough, I muſt obſerve to you, that there is really more 

Light upon the Picture than is allowed of by the Laws of 
Optics or diſtinct Viſion ; for the Aperture of the Object- 
glaſs is now twice as large as before, whereas it ought to 
8 1 exceed 
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exceed the Apertureof the former Object-glaſs, but in the 
fame Proportion as the focal Diſtance of the preſent Eye- 
glaſs exceeds that before uſed : That is to ſay, in the Ratio 
3 to 12, or as 4 to 3. Conſequently, it will appear, from 
all that has been ſaid, that though there be an Increaſe 
in the Power of N75 7 in refracting Teleſcopes, yet 
in equal Degrees of Diſtinctneſs, a leſs Proportion of the 
Apertures in the Object-glaſs, or of Light in the Picture, 
will be neceſſary; and thus we may proceed till, at 
Length, the Degree of Brightneſs will become ſo far di- 
miniſhed as to render the Teleſcope but of very little Uſe 


in viewing terreſtrial Objects, whoſe Light, when they 


become magnified to a great Degree, will be found too 
little to ſhew them ſufficiently plain, with thoſe Apertures 
of Object-glaſſes which are neceſſary for diſtinct Viſion. 
| Having now explained at large, by theſe Experi- 
ments, the Nature of a refracting Teleſcope, and ſhewn 


that it is nothing more than a Sort of portable Camera 


Obſcura in Miniature, I ſhall defer what I have further 
to ſay, in Relation to the different Kinds and Conſtruc- 


tions of this Inſtrument, to another Opportunity, 


DIALOGUE VI. 


On the various CONSTRUCTIONS of refratting 
TELESCOPES, 


Euphroſyne. 


OUR laſt Leſſon on the Nature and Rationale of re- 
fracting Teleſcopes, illuſtrated by Experiments of 
the Camera Obſcura, gave me no ſmall Delight, as 1 
am well ſatisfied I could have, by no other Means, ac- 
quired ſo good a Notion of this entertaining Inſtrument ; 
Il ſee you have here many different Sorts and Sizes 
upon the Table: I ſuppoſe, Cleonicus, they are the 
various Forms in which refracting Teleſcopes are now 

made, | 

Cleon. They are ſo, my Eupbhroſyne; and, that you 

may haye a more diſtinct Idea of them, I ſhall , 
F | e, 
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them according to the different Names they bear, reſulting 
from their different Structure and Uſes, | ES: 
I. The leaſt Size of all is called an Oytra-Grass, 
from its being principally uſed in the Opera, and Play. 
houſes, | | 
II. The PERSPECTIVE GLass, which is only the for- 
mer Glaſs leſs in Diameter, but of a greater Length, and 
fitted for the Pocket: This is alſo, by Opticians, called 
Galileg's Teleſcope. | | 
III. The Hfronomical TELESCOPE, fo called, as being 
chiefly appropriated to celeſtial Obſervations. '  _ 
IV. The common TELE So E, adapted for viewing 
Land- Objects. © SP : Th 
V. Sea TELESCOPEs, conſtructed for viewing Objects 
at Sea moſt conveniently. * 10157 
There are, beſides theſe, other Conſtructions of this 
Inſtrument, which are called, Helioſcopes, Polemeſ- 
copes, Sc. | 12 
_  Eupbroſe. I ſuppoſe the firſt that you mentioned, and 
called an Opera-glaſs, is this very ſnort one, with a broad 
Glaſs at the End; it ſeems very fit for the Purpoſes in- 
tended, as it may be eaſily held in the Hand and applied 
to the Eye. | . | 
Clan. Yes, my Ziege that. is the firſt Sort of 
proſpective Glaſs, and conſiſts only of two Lenſes, one 
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I 
of which is the broad Glaſs you ſpeak of at the End, 
called the Object-glais, and is a Plano-convex ; the Glaſs 
at the other End is a Plano-concave, and is to be drawn 
out, or in, by Means of the ſliding Part, or Drawer; by 
this Means, the two Glaſſes are adjuſted to a proper 


Diſtance for viewing Objects. 4 1 
Euphroſ. What are the particular Properties of this 


Sort of Teleſcope? | 
Cleon. Firſt, the Concave-glaſs is placed within the 
focal Diſtance of the Object-glaſs, by juſt ſo much as is 
equal to its own focal Diſtance 3 and when they are in 
this Poſition, the Rays proceeding from the Object, will, 
by Refraction through this Inſtrument, be made to fall 
parallel upon the Eye, and thereby a diſtin&t Image will 
be formed on the optic Nerve, which is neceſſary for per- 
fect Vion. _——Secondly, the Object-glaſs at the End 


has generally a very large Aperture, to give ſufficient 
9 1 Light 
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uſed by Candle-light: But for ſtrong Day-light, and 
viewing Objects enlightened by the Sun, the Aperture at 


the Object End ought not to be ſo large, as the Object, 


in ſuch Caſes, is liable to be very much coloured and leſs 
diſtindt.— Thirdly, the Aperture of the Concave, 
next the Eye, is, or ought to be, always ſmall, viz. but 
a little bigger than the Pupil of the Eye. Fourthly, 
as the Eye-glaſs is placed within the F. ocus of the Obje d- 
glaſs, the Length is leſs, for the ſame Power of magni- 
fying, than in any other Teleſcope. ———Fifthly, as 
there are but two Glaſſes in this Conſtruction, and each 
of them of the beſt Form, it renders Viſion in this In- 


ſtrument moſt perfect; for that is always more ſo in 


Proportion as the Number of Glaſſes is leſs, becauſe, 
by Refraction at every Glaſs, ſome Irregularities are 
produced which diſturb the Sight, or render the Image 
leſs perfect. = 

Euphroſ. When I look thro? this Glaſs, I can ſcarcely 
imagine 1t magnifies at all. | 

Cleon. That is the Caſe with moſt People when they 
firſt uſe theſe Inſtruments, they often ſay as you do; nay, 
ſome of them will affirm, that they can ſee better without 
the Glaſs than with it: But theſe are all Miſtakes, or 
Deceptions of Viſion; for theſe Glaſſes, all of them, 
magnify Objects 3 or 4 Times, and there is no Form of 
the Eye but what may be affiſted by its Uſe, when it is 
properly applied. — The Proportion of magnifying is 
here the ſame as of the two Lenſes I uſed in the dark 
Room ; for whether the Eye-glaſs be Concave, or Con- 


vex, it makes no Alteration in that Reſpect; for the 


Power of magnifying by any two Lenſes will be propor- 


tioned to their focal Diſtances. — Thus the Object-lens, 
here uſed, is 3 Inches focal Diſtance, and the Concave, 


next the Eye, has but one Inch focal Diſtance : There- 
tore this Opera-glaſs magnifies in Proportion as three to 


one, or three Times. | 7 


Euphroſ. ] muſt not pretend to contradict you; but, 
really, Objects do not appear to be ſo much magnified to 
me. Pray, Cleonicus, have you any Method by which you 


_ can ſatisfy me of the Truth of this by Experiment 
| You will excuſe my being ſo troubleſome, 


Light for viewing the Object, eſpecially as it is chiefly 
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Cleon. It always gives me the greateſt Pleaſure to ſatisfy 
the ſcrupulous Curioſity of Ladies and Gentlemen in this 
Reſpect : And the Method I take to convince them 
in general is, that which I have here provided for you; 
for I foreſaw yuo would make this Objection.— Lou ſe 
here, a Piece of white Paper, juſt 3 Inches long, and 
the Inches defined by black Lines I ſtick it up on the 
oppoſite Side of the Room, for you to view it thro? the 
Glaſs, and when you ſee the Paper diſtinctly in the 
Glaſs, open the other Eye and view it by that, without 
the Glaſs, and you will obſerve, that one Inch of the 


Paper, ſeen through the Glaſs, will appear juſt as long 
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as the whole Length of the Paper appears to the naked 


Eye. 
E Let me try this Experiment forthwith, as 
it is ſo very eaſy.——1 have adjuſted the Glaſs, and can 
plainly ſee the Paper through it. Now [I'll open my 
other Eye, and direct it to the Paper; and, upon my 
Word, to my Surprize, I find the Thing you mention to 
be fact. I actually ſee one Inch of the Paper, through 
the Glaſs, juſt covers the whole Length of the Paper as 
viewed by the naked Eye, and, of Courſe, the whole 
Paper appears 3 Times larger with, than without the 
Glaſs, which I could not have believed if I had not tried 
the Experiment.—I am, by this Inſtance, fully ſatisfied 


how much we are liable to be miſtaken, and to form 


wrong Ideas of Things, for want of proper Methods to 
inform the Judgment.—As you have been ſo obliging as 
to make me a Preſent of this curious Opera-glaſs, pleaſe 
to let me know if there are any Precautions to be given 
for the Uſe of it. 

Cleon. It will be neceſſary to obſerve the following 
Particulars :—Firſt, in adjuſting the Glaſſes, you draw 
out the Tube to the black Circle which is drawn upon it, 
and then it is adjuſted for Objects at a moderate Diſtance. 
—— Secondly, but if Objects are very near, the Tube 


muſt be drawn a little farther out, and, on the Contrary, 
not quite ſo far as the Circle, for Objects at a great Di- 
ftance; but you will never be perfect in the Uſe of this, 
or any other Teleſcope, till you can readily adjuſt it by 
moving the Tube forward and backward, while you are 


actually viewing the Object through it, and ſtop | ap 
an 
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Hand when you find the Object appear moſt perfect. 
| — — — Thirdly, when you have Occaſion to take the 
Glaſſes out to clean them, you will remember always, 
when you put them in again, to place the Object-glaſs 
with its Convex Part outward, and the Eye-glaſs with 
the Concave Part next the Eye, and then it will be always 
fit for Uſe. : | 

Euphroſ. I am _ to you for theſe Inſtructions, 

But here is the other Glaſs you called Galileo's Teleſcope, 
pray, what are the Properties of that Conſtruction, and 
how am I to proceed in its Uſe ? : 8 

Cleon. This is in nothing materially different from the 
other, but in its Length, and magnifying Power in Conſe- 
quence thereof ; for as the Object-glaſs here has a longer 
focal Diftance in Compariſon of that of the Eye-glaſs, it 
will, of Courſe, have a greater Power of magnifying in 

Proportion. This, which I here preſent you with, is 0 
a proper Size for the Pocket, and will magnify ſufficiently _ = 
for common Uſe. The Object-glaſs is 12 Inches Focus, 1 
and magnifies the Object about ten Times: But there 4 
will always be an Inconvenience attend the great Length 4+ 
of an "yer" ear of this Kind, v:z. the Smallneſs of the 

Field of View, which is here proportioned to the. Area |þ 
of the Pupil of the Eye, and therefore, when it magnifies | in 
much, the Field of View will be but ſmall, and render it 1 
more difficult to find the Object, and leſs pleaſant to view 

it: Were it not for this Impediment, no Teleſcope 
would ſhew diſtant Objects ſo perfectly as this, on Ac- 
count of there being but two Glaſſes in the Conſtruction. | 

hut in Caſe the diſtant Objects be very ſmall, ſuch 1 
as the heavenly Bodies are in Appearance, then Galiles's 1 

i 


— . CR 
ww 


Teleſcope is applied oftentimes to very good Purpoſe ; Bl 
for, with that, the Sun, the Moon, and the Planets will 
be magnified very conſiderably in a Length of 18 Inches, 


or two Feet, even ſo far as to ſhew Jupiter and his PV 
four Moons, which cannot be done with other refracting $4 
Teleſcopes of leſs than twice that Length ; but even in A 
viewing the celeſtial Bodies, if we proceed -to great ; 1 
Lengths in the Galilean Teleſcope, the Difficulty of find- "I 
ing the Object will fruſtrate our Deſigns, and oblige us | 1 


to have Recourſe to the other Forms of Teleſcopes, next 
to be conſidered. 


4 
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Euphroſ. I think the firſt of them you call the a/trong- 
mical Teleſcope, as being deſigned for viewing the heavenly 
Bodies only? e pen 5 - 

Clean. Yes: that is the firſt and moſt ſimple Conſtruc- 
tion of Teleſcopes compoſed of convex Lenſes only, of 
which there are but two or three at moſt.— But, as in 
theſe Sort of Teleſcopes there is a real Image formed of a 
diſtant Object in the Focus of the firſt, or Object-glaſs, 
which Image is viewed by the Eye-glaſs in the Manner I 
ſhewed you in the darkened Room, it is evident, that this 
Inſtrument ſhews all Objects in an inverted Poſition, and 
therefore not fit for common Uſe, as I then obſerved to 
you; but the heavenly Bodies being of a round, or circu- 
Jar Form, the Inverſion of ſuch a Figure is no Diſadvan- 

to the View; and ſince the Appearance of an Obje& 
through two Glaſſes is moſt perfect, and the Moons of 
Jupiter and Saturn require the moſt perfect Conſtruction 
to ſhew them, this Teleſcope is preferable to all others on 
this Account, as the Field of View is large, and the 
Object found with Eaſe.—In this Teleſcope one Object- 
als is ſufficient, though in ſome Reſpects two may do 
better.—There is alſo, generally ſpeaking, but one Eye- 
glaſs uſed ; but it is certain, from the Laws of Optics, 
that two Glaſſes properly combined will ſhew the Image 
(and conſequently the Object) more perfectly than one 


alone.! | 
Euphroſ. I remember you told me the magnifying 
Power, by Means of theſe two Glaſſes, was in Propor- 
tion of their focal Diſtances :——But one Thing I am 
not quite ſo clear in, is, the Reaſon why the Images of 
Objects are inverted in the Focus of the Object-glaſs, 
and whether there be not any Method to prevent that 
diſadvantageous Effect? 35 

Cleon. The Reaſon why the Image of an Object is 
inverted by a Glaſs you will readily perceive, when you 
conſider, that every Point of the Image is depicted by a 
Ray of Light coming from the Object in a right-lined 


Direction through the Centre of the Glaſs ; from whence 
| | | it 


— — 


A * 


* For the Demonſtration of this phyſical Problem in Optics, 
ſee my New Elements of Optics, p. 33, 34. 
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it will follow, that thoſe Rays of Light which come from 


the upper Part of an Object muſt, after paſſing through 
the Center of the Glaſs, go to the lower Part of the 


| Screen, and there paint the Image of the upper Part of 


the ObjeA.—On the other Hand, the Rays which come 
from the lower Part of the Object, after paſſing through 


the Center of the Glaſs, go to the upper Part of the 


Screen, and there form an Image of the inferior Parts of 
the Object : And, by the Laws of Refraction, all 
other Rays which proceed from the ſame Points in the 
upper, or lower Parts of the Object, to any Part of the 
Lens, will be refracted to the ſame Points of the lower, 
or upper Part of the Image, and there unite with thoſe 


Rays which paſs through the Center of the Glaſs 5 con- 
| ſequently, the” Image, by Means of the Rays croſſing 


each other in the Glaſs, muſt neceſſarily be formed in an 


_ inverted Poſition, and which, you remember, was uni- 
verſally the Caſe in all ſingle Lenſes you tried in the for- 
mer Experiments. * | | 0 | 


Euphroſ. I remember this to be fact in every Inſtance . 
I tried, and, as it is a great Imperfection in the Tele- 


ſcope, could it not be removed by applying another 


Objeft-glaſs ? BETS | 
Cleon. By no Means: Any Number of Object-glaſſes 
will form an Image in the ſame Manner, as one alone: 


But the Image will {till be inverted, and only leflened 


in its Dimenſions ; fo that no Redreſs for this Evil can be 
had from thence. —Yet are we not deſtitute of a Remedy, 
which is found in the Conſtruction of the common Tele- 
ſcope, and is what I next propoſe to explain, after having 
propoſed to you one Thing more, which is, the Reaſon 


why the Conftruction of the Teleſcope under Conſider- 


ation, is alſo ſometimes called the Night Teleſcope ; for- 


when the Aperture of the Object-glaſs is very large, and 
the Glaſs itſelf of a ſhort focal Diſtance, as 8 or 10 Inches 
only, then the Field of View will be very large, and by 
Night, at Sea, there will be Light enough in the Atmoſ- 


phere, and by Reflection from the ſalt Water, to enter 


throught (large an Aperture as will be ſufficient to ſhew - 


Objects, on the Surface of the Sea, at a conſiderable 
Dittance; at leaſt, much better than they can be diſcerned 
by the naked Eye, and thereby ſuch a Teleſcope becomes 
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of general, Uſe at Sea. But when the focal Diſtance 
of an Object glaſs is ſhort, and. ſo large an Aperture uſed, 
it becomes neceſſary to uſe two Object-glaſſes, that the 


Errors of Refraction, ariſing from the Convex Figure, 


may: be in ſome Meaſure corrected, and Viſion thereby 


rendered more diſtint.—And in the largeſt Sort of Night 
| Teleſcopes, where . the Aperture is very large, no. leſs 
than 3 Object- glaſſes are neceſſary to form Fe Image, on 


that Account. 


Eupbraſ. „Tis, eaſy: to. obſerve |; in 2 as in many 


other Caſes, that Neceſſity is the Mother of Invention; 


and had you not given me this Rationale of it, I ſhould 
have — . vou had jeſted with me, in talking about a 
Night. Teleſcope, as it is well. known by Experiment, 
that every Teleſcope. makes the Ol ject appear leſs light- 
ſome than it appears to the naked Eye, and therefore it 
ſhould ſeem a Contradiction to have a Teleſcope for view- 

ing opake Objects by Night.—L ſuppoſe, the Teleſcopes 
I here ſee of different Sizes are all Day Tele eſcapes, of the 

common Forms in Uſe ? ” 


Cleon. They are, my Eupbraſyne; but fome of them 
haye more Glaſſes than others, and all of them ſhew the 


Object upright, or in its natural Poſition : But the leaſt 
You. 


Number of Glaſſes, in any of them, is four.- 
ſee, here is one at the Object End, —and in the Drawer 


next the Eye, you Wierre this Tube with three Glaſſes 


is contained. 
Euphroſ. So that in all the four-glaſs Talefenaes I 


obſerve there are three Eye-glaſſes, and one Object. 


glaſs; but, pray, Why are three placed next the 2 
Cleonicus? . 
Clean. That you may = a clear Idea of this Matter 


you are to conſider, 
(1. ) That the firit Image is formed in the common F - 


cus of the Object-glaſs, and the firſt of the three Eye- 


glaſſes; and therefore, 


(2. 1 The Rays which proceed from this Image to the 


firſt Eye-glaſs, are, after Refraction thro” it rendered 
paraliel among themſelves; and, conſequently; if they 
fall upon a ſecond Glaſs, placed at a Di king it 
towards the Eye, they will be all converged to a Point in 
the Focus of that Glaſs, and, for 1 Reaſon, 
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-4 3.) Ray s this proceeding from every Point in the firſt 


Image will, by Refraction thro the two firſt Eye-glaſles, 2 


form an Image at a proper Focus which wilt be every 
Way fimilar to the firſt Image. 


(4.) The two firſt Eye-glaſſes being: Pisse e double 


their focal Diſtances from èach other, will then have the 
moſt proper Poſition for producing the Effect; becauſe 
then the Rays'that proceed froth contrary: Sides, in the 
firſt Image, thro' the "firſt Eye-glaſs, will be fo refracted as 
to croſs each other in its Focus, and conſequently fall upon 
the ſecond Eye-glaſs in a Manner juſt” contrary to that 
in which they proceed from the firſt; and therefore the 
Image formed by Refraction through the ſecond, or mid- 
dle Glaſs, will be in a contrary Poſition to the firſt Image, 
and therefore i in 117 ſame Poſition: with” the Object itſelf, 
Hence, 
(F.) An Aang op the Object bei now formed up- 
right, that Image i is ſo viewed by the third Eye-glaſs, or 
that next, the Eye, which, for that Reaſon, muſt be placed 
at its focal Diſtance from it, that the Rays may 7 
parallel to the Eye. 

(6.) The three Eye-glafſes's are all of them of one and 
the ſame focal Diſtance, and therefore the Diſtance be- 


tween each of them will be the ſame, as you ſee they are, 


placed in this Tube. 
7.) Upon this Account it is evident, that the ſecond 


Image i is viewed under the ſame Angle by the third Eye- 


glaſs as the firſt Image appears under when viewed by the 
hrſt Eye-glaſs; and therefore the Power of magnifying is 
the ſame with three Eye-glaſſes as it was with one in the 
aſtronomical Teleſcope. : 
* .) In the Place where the ſecond Image is formed is 
iaphragm, or round Hole in a Piece of Wood, or 
Braſs, of a Size ſomewhat lefs than the Area of the Eye- 
glaſſes, in_order to ſhut out all the extraneous Rays, or 
to ſhew that Part of the Image only which is ſufficiently 
perfect for View. . 
(9.) And where great Nicety is required, there is alſo 
a Diaphragm with a ſmall Hole, of a proper Size, to be 


: placed in the common Focus between the firſt and ſecond 


Eye-glaſſes; and if the firſt Image were circumſcribed 
by a proper Aperture in another Diaphragm, it would 
Q 2 tend 
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tend to renter Viſion through a Teleſcope ſtill more 5 ; 


ect. 


pert Yb 03 052912 O48 50 5 36T1%D1 OR HW na 
\(20.)! And laſtly, the Field of View. in this Sort of © 
| Teleſcope is the whole Area, or Aperture of the Dias 
phragin next the Eye, and therefore as much larger than 
vrhat you have in the Galilean Teleſcope, as the ſaid 


Aperture here is larger than the Pupil of the Eye.? —_ 


And ſuch is the Conſtruction and Rationale of the common 
refracting Teleſcope, which neither you, nor no one elſt 
could properly comprehend without actually viewing th 


feveral Parts of the Inſtraments themſelves. 


apbre, I am thoroughly ſenſible of that; for it is 


here as with the Microſcopes, unleſs we ſee the Form and 
Poſition of the ſeveral Parts ſeparately, it is impoſſible to 


have an adequate Idea of the joint Effect of the Whole, . | 


in the Structure of Inſtruments. —And, after all; I 


find that this refracting Teleſcope does nothing more than 


the former, but ſbero the Object upright, which is certain 


à very great Improvement upon the Galilean Teleſcope; 
in regard to the Amplification of the Field of View. 


But at preſent I muſt deſiſt, to attend another Engage 


ment, and will give you the Trouble to proſecute what 
remains, relative to this Subject, at our next Leiſure.“ 
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have thought proper to illuſtrate by a Copper: plate, repre» 
ſenting the Sun-Beams entering through Scioptric Balls into 
a darkened Room, and refracted through the Object-glaſſes of 
Teleſcopes fixed in circular Frames, perpendicularly, on long 
Pieces of Wood ſcrewed on to the ſaid Balls; and at the other 
End of the ſaid Pieces of Wood are placed the Eye-glaſles, at 
roper Diſtances from the Object-glaſſes, and from each other; 
by which it appears, that each Teleſcope produces the fame 
Effect of refracting the Rays to proper Focuſes, and, at laſt, 
rendering them parallel to the Eye, by which diſtinct Viſion is 
produced. The firſt, or uppermoſt of theſe, repreſents the 
Slaſſes of the Ca//eax Teleſcope. The Second, the 
aſtronomical Teleſcope. —— The Third is the four-glaſs Tele. 
ſcope.— The Fourth is the Night- Teleſcope. If the Glaſſes 
of any of theſe Teleſcopes were to be thus placed in a darkened 


Room, the Beam of the Sun's Light would paſs through them 


in the ſame Manner as here repreſented. .. 


3 7 # $ ; "a * 


V. B. The Teleſeopes deſeribed in the above Dialogue | i 
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DIALOGUE VIIL 


The NATURE and CONSTRUCTION of refrafing 
TELESCOPES continued, © 


" oil 


what Purpoſe the additional Glaſſes anſwer ? 

Cleon. In ſome there are five, and in others there are 

ſix Glaſſes, which are principally intended to enlarge the 

Field of View, and to render the Image more perfect to- = 
wards the extreme Parts: The Diſpoſition of the Glaſſes 

is different in many of them; but, in general, it is the 

ſame as what you ſee in this, which I here put into your 
Hand: And that you may ſee the Difference between 

this, and a four-glaſs Teleſcope of the ſame Length, you 

have now an Opportunity of viewing the Croſs, the 

Globe, or Ball, and the Dome of St. Paul's, the Sun 

lying advantageouſly upon them. | 

Euphroſ. Theſe Teleſcopes, I ſee, are about three 

Feet in Length, and I ſhall gladly experience their Dif- 

ference, Firſt, I will take the four-glaſs Teleſcope, 
——with this I ſee the golden Croſs, curiouſly wrought, 

and very large and diſtinct. ——— The Ball appears very - 

grand, as well as globular, with curious Workmanſhip, 

Hand the Golden-gallery appears like what it is when 

we are upon it: I can eaſily diſtinguiſh Men and Women, 

their different Habits, Colour of their Cloths, ſome of 

them walking, and others leaning over the Palaſades. 
The Dome appears to be glorious Rotunde, and ever 
other Part in Proportion, exhibits an agreeable SpeQacle, 
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l will now take the Teleſcope with ſix Glaſſes, h 1 
and, in viewing the ſame Objects, I perceive : + BY 

a Difference in the Extent of the View, which is MM: 

certainly here much larger and finer than before; but, 1 
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at the ſame Time, I do not think the ſeveral Parts ap- 


pear ſo very diſtinct as in the former, — and, on that 
Account, Treaty do not know which of the two I ſhould : 
chuſe. 


Cleon. Vou need gire yourſelf no Trouble about 
that, my Euphroſyne ; tor I ſhall make you a Preſent of 
them both : -They have each their peculiar Advan- 
tages, and you never will find an one Inſtrument in 
which the different Perfections of various F orms can be 
all united. 

Eupbroſ. I readily believe what you yr But what 
are thoſe long Teleſcopes in Mahogany, and coloured 
Wood : Are they not what you call Sea-Teleſcopes, 
Cleonicus ? 

- Cleon. Yes, my Euphroſyne, they are,” and uſed chiefly 
by Maſters of, 'Vellels, and other Sea-faring People, for 
bo they are all in one entire Length, they give them no 
Trouble, and require no Time in applying them to 
uſe: This renders them more fit for their Purpoſe, who 
oftentimes have not a Moment to ſpare, when their Uſe 
is required, for viewing a Ship, Headland, Lights, Cc. 
at the firſt Appearance. Add to this, that Vellum, or 
Parchment Tubes, of which common Teleſcopes are 
made, will not bear the Action of a ſaline Atmoſphere, 
which ſoon diſcolours them, deftroys their Texture, and 
renders them unfit for Uſe, unleſs they are taken very great 
| Care of indeed, and kept in proper Caſes. 

Euphroſ. But I ſee here a Teleſcope ſomewhat different 
from the former, eſpecially at the Object-end, the Braſs- 
work of which I petceive to be of a ſquare Form; to what 
Purpoſe does that ſerve, Cleonicus ? 

Cleon. That Object-end of the Sea-Teleſcope is made 
in the Form of a Dye, on Account of its holding two 
Glaſſes; either of which may be immediately applied, 3s 
an Object-glaſs, by turning the Place round in which 
they are contained, which is done in an Inſtant, by a 
proper Mechaniſm i in that Part; by this Means you have, 
as it were, a double Teleſcope in one Inſtrument: for the 
Glaſſes being of a different focal. Diſtance, and the Braſs 
Tube being made to draw out at the Object-end as well 
as the Eye-end, the Teleſcope may be lengthened, or 
ſhortened, at FRealure according to the Object- -glaſs that 
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is uſed :—But when we conſider, that ſuch a Teleſcope 
becomes, by this Conſtruction, ſo expenſive, as to equal 
the Price of three very good ſingle Teleſcopes, at the ſame 
Time each of which may have a different Power of mag- 
nifying, it appears to me to be a very prepoſterous and an 
injudicious Contrivance, and, as ſuch, deſerves no fur- 
ther Notice. 

Euphroſ. There is yet another Teleſcope which makes 
a conſiderable Appearance, concerning which you have 


not ſaid any Thing. Pray, is the internal Structure of 


this different from any of the former, as I ſee nothing 
different in its external Form: 

Chon. This is a Patent Teleſcope, and a from 
others in having a double Object-glaſs, one Convex and 
the other Concave, -placed contiguous to each other in 
the ſame Cell: The ſpherical Figure of which is different 
in each, and the Deſign of ſuch a Combination of Glaſſes 
is, that one may correct the Errors of the other, in re- 


gard to the colorific Refraction of Light; for whereas 


you have been taught by priſmatic Experiments, that 
Rays of Light have different Degrees of Refrangibility, 
and I have not long ſince obſerved to you, that this is 
one great Cauſe of the Imperfection of refracting Tele- 
ſcopes with a ſingle Object-lens of a Convex Form, 
therefore this Concave is added to corre& this Aberration 
of Rays, and to render the Image of external One 
more perfect and uniform. 

Euphroſ. And do thoſe two Glaſſes anſwer ſuch a 
Purpole in a ſenſible Degree? 

Cleon. You will have no Occaſion to take my Word, 


or Opinion, about this Matter, becauſe you may try the 
Experiment yourſelf, and ſee the Difference betwixt 


this and another of the ſame Length and magnifying 
Power. I have here contrived to place them both in a 
Poſition, to view the ſame diſtant Object, which happens 
very apropos to be the Croſs on the Top of St. Paul's in 
a direct View. 

Euphroſ. The Croſs makes a very curious Spectadle ; ; 
and [ obſerve, very plainly, that there is a Difference, 


but not ſo great as I ſhould have imagined, from the 


very great Difference which you mention in the Price of 


theſe two Teleſcopes ———There is (je ne ſcat quoi) 
24 ſo.ne- 


Fun, 


ne 


* 0 —— * — 
N U. N n 
R 0 „ nd: #4 — = 
1 0 — 
ap , 
when 


a . 
. e 9 
1 n 


* 

2 
. 
THI 


MOR ei > HO IE dct Fs e wes s 
0 —— I 2 
— — 0 pw 4 n 


e 
eee 


* Up 
e 5 
neee * 


9 4 
a co 
— re 
ne 


— 
— — 
— wx; 


— 
* A * 


0 


a 
— oY ER 
= ENTS 
e 7 
— YL F » 4 


Ls 


11 5 l = — — . — 
* SPARC . * — — — a * 4 2 * 
8 dis = — » . - LS f — — a — 3 1 
- moan Pg. . — ws * < * ah — 7 * een. K re * 1 » 
l — rvfing . » 4 £ l = * — ä I * 4 * 
5 1 im r a i-th 2 4 : " — 
1 _ 1 - f 4 \ 2 2 A "a Ns 2 rc ea * 
7 e — , 3 = 5 pe — gt oe . 8 o l 5 ; —— «tt — 7 
wg * 222 — 2 C J = . * + * 2 by _ * * og . W peg * 
— rn rr ee YT = — 1 * * U wh by * f AAS IR © # iH o 
: a wp , 88 oY 8 =. 0 Jo | D ee ww 0 * 
1 _ 1 * P 4 5 1 oY Rar 3 \ ap TID Ns So) . N a 8 . x * 
65 — F. e 2 : o — y o boy - —1 COP" — I: bt 
7 , ISS - 9 "EI ” - 
I. * . 1 2 
— wo 
— * 2 1 N N _ 
X « 2 0 * 2 


T5. 4-4 


Wu * 
Ne 9 
— N * 
— 8 
— 


a ET OO 
r 


, 8 8 — ＋ 
Z 


r 


— - att cots |, "_ Os 
4 ws cake. aro — — 
> 2 — Wee © hp — > 1 
a 2 « a 2 "OC Y — 
4 
4 2 . 
— 6 2 l E * 
2 : * * E 1 
Bed — ; £4 + ++ Gag _— a 
£2 F * F Nr 
. . LR Mo W ons 
- 2 » * 1 
. N 5 a Fon — n 
2 — hem... 3 


8 
* „ 


p Ws 1 * 4 
222 1 . 6 . „ 
8 — — — * 0 — 
8 F — y 
— * IE", 
2 n ** 


232 THE YOUNG GENTLEMAN 


ſomething which I cannot well expreſs,” in the Effect of | 


this- Teleſcope.- I ſee the Croſs and its Parts more 
perfect] in one reſpect, yet not ſo much ſo in another, 
| ut there ſeems to be ſo much of Ambiguity in 
the different Effects of theſe Teleſcopes, that I muſt be 
longer exerciſed in the Compariſon of them before I can 


pretend to form any adequate Notion of their reſpective | 


Merits, or how much one is preferable to the other. 
But, pray, what is that c Conſtruction of a 
Teleſcope you call a Polemoſcope ? 

leon. By that Term is meant, a Teleſcope, at the 
Odject-end of which is fitted a very curious reflecting 
plain Speculum at half a Right-angle to the Axis of the 
Teleſcope, which is directed to the middle Point of the 


ſaid Speculum, as you obſerve in this Part which I ſcrew 
. off and on. 


Euphroſ. But what is implied in the particular Ety- 
mology of the Word? | 
Cleon. The Name implies an Inflevimenit of the Tele- 


15 ſeopic- kind, for the Uſes , Var; that is to ſay, ſuch 


as the Generals, or Officers concerned in Sieges, Forti- 
fications, c. have often Occaſion to uſe : For, in many 
Caſes, beſides a direct View ſtrait forward, they have 
often Occaſion to ſee what is doing by Perſons on either 
Side, above, or below the Place where they ſtand, and 
which, with this Contrivance, they can eaſily nnd 


a View of; for, as you turn the Glaſs in your Hand, you 
_ take in all Objects in a lateral Situation, or ſuch as are 


placed Side- ways, and cannot be ſeen by a common . 

ſcope. If you turn the Speculum downward, 

ſee all below ;—-——if you turn it upwards, the T op 01 

the Buildings, and the People there, are expoſed to your 

View: And thus the Actions of the Enemy may be re- 

connoitred, while they think themſelves quite ſecure from 
our Notice. 

Euphroſ. Why, After all your learned Terms, I find 
that this high- ſounding Inſtrument 1s nothing more than 
the common Opera-glaſs, which a Lady of my Acquain- 
tance ſhewed me the other Day, having a Hole on each 
Side, in which there appears a plain Looking-glaſs adapted 
to each End; and by which ſhe could take a View of any 


Perſon ſhe pleaſed without his having the leaſt — 
0 
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of it, as the Glaſs was directed quite another Way. I 
cannot ſay but F-was very much pleaſed with the Effe 
and wiſhed for ſuch a one of my own. — | 
Clean. Then here you have your Wiſh, my Euphbroſyne; 
for I have deſignedly procured ſuch a ſmall collateral Ope- 
ra-glaſs on Purpoſe to exemplity the Uſe of the other more 
at large, ſince Side-views may oftentimes be agreeable and 
uſeful to the Fair-Sex, as well as neceſſary to military 
Officers. Thus, both the one and the other you have in 
our Poſſeſſion, to uſe at your Pleaſure. Wa 
Euphroſ. You will greatly enrich me with an Appa- 
ratus of ſuch curious Inſtruments. But I remem- 
ber, in the laſt Place, you mentioned another Sort of 
optical Inſtruments, you called HELIioscoPEs, pray, 
what ate they :? 1 1 0 e ee 
Clean, They are ſtill of the Teleſcope Kind, and are 
ſo contrived as to give a very pleaſant and inoffenſive View 


of the Sun, whoſe ardent Luſtre is much too great to 


admit him an Object of che common Teleſcope. lt 
is neceſſary, one Way or other, to weaken, or obſcure 
his Rays, that our Eyes may behold the moſt illuſtrious 
Object of Nature; there are many Ways of doin 


this, the moſt common is, to hold one of the Eye-glaſles 


of a common four-glaſs Teleicope over the Flame of a 


Candle till it is thereby rendered ſufficiently black, to 


view the Diſk of the Sun without hurting the Eyes, 


which will do pretty well for common Ule : Another 
Method is, by placing a Piece of ſtained Glaſs, of a very 
deep, dark Colour, in the Braſs Cell next the Eye, which 
will anſwer the ſame End and with leſs Trouble : 
But the beſt, and moſt perfect Method of making a 
Helioſcope is, to. weaken the Rays of the Sun by many 
Reflections, forward and backward, from Surface to 


Surface of a proper Number of plain, poliſhed Speculums, 


till, at laſt, they are rendered fo faint, that the Eye may 
ſuſtain their Effect without any Trouble or Inconyenience, 
and the Face of the Sun will appear, in this Way, fo 
very ſerene and diſtinct in every Part, that the Maculæ, 
and Fæculæ, i. e. the dark Spots, and the brighter Parts, 


will, this Way, appear to the greateſt Perfection: Thig 
is one of the many celebrated Inventions of the late 


Dr. Hooke, 2 
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Eupbroſ. The Subject of Teleſcopes, I find, is very 


extenſive, and admits of great Varjety.—Are there any 


other Forms or Denominations of this ee which 
remain to be conſidered? Kg 
Cleen. Yes; one very material one, ile the ſolar 
Teleſcope, and which will afford you no ſmall Amuſement 
This In- 
ſtrument is no other than a Galilean Teleſcope, ſcrewed 
into a ſcioptric Ball, moveable in its Socket, faſtened to 
the Window-ſhut. Walk but into the little Parlour, 
which is already darkened, and there you will ſee its 


delightful Effects. 
Euphroſ. And what am] to ſee now I am here, Cleonicus? 


At preſent I obſerve only a Beam of the Sun's Light 


coming through the Inſtrument, 

Cleon. That Beam of Light is to paſs through this 
ſmall proſpective Glaſs, when ſcrewed into the Hole of 
the Ball, and in ſuch a Manner, that when the Rays 
proceed from it, they will form a very large and beautiful 


Image upon the Screen, which you there ſee placed on 


purpoſe to receive it. I have now ſcrewed it on, 
and you obſerve the Effect of it as a Helioſcope ; for 
this is one of thoſe Helioſcopes which Dr. Hooke, in 
his Treatiſe on this Subject, recommends, and it is, 
in his Opinion, the beſt Method of forming the Sun's 
Ima | 
Exphroſ: I cannot but admire the Effect of it, in pro- 
ducing ſo curious a Picture of the Sun. How large 
and well defined a Circle it makes, in its own native 
and pure white Light! The Spots, how plain and 
and the Clouds, how quick 
and how natural they are in Motion, upon the Sun's 
Diſk ! I think this is every whit as perfect as that 
which I ſaw by the reflecting "Teleſcope ſome Time 
ago, which you purpoſely contrived to oblige me with 
an artificial View of the Tranſit of Venus -But 
now the Time is at Hand, when we are to view that 
glorious Phznomenon in Reality, will not this Experi- 
ment, by Galiles's Teleſcope, be ſufficient to anſwer that 
Purpoſe ? | 

Cleon. If not the moſt perfect and ready Way of ex- 


bing; that Phænomenon, it ſeems to have been this 
very 


I oo * 
8 Nn OT ATED 
G 0 r 8 P CERT SITES: l r 
1 r Us MP Tu „ n n r 4 
1 n . 7 4 n a 


AND LADY's PHILOSOPHY. 235 


ery very Method that Mr. HoxROx bimſelf made uſe of, to 


any obſerve the Tranſit of Venus in 1639 ; for be tells us, 
ich he obſerved the Planet Venus on the Face of the Sun, by 
| Means of his Teleſcope, in his darkened Chamber. Now, 
lar there could be no Neceſſity for his darkening the Room 
ent for obſerving the Sun, by a Teleſcope, any other Way 
In- than this; nor is it in any Degree neceſſary even here, 
ved but only for greater Diſtinctneſs ; for, at the Time of 
to the Tranſit, the Planet will be ſeen ſufficiently plain, as 
ur, you may judge by the Appearance which the Spots of 
its the Sun now make when 1 open the Window-ſhutters 
and let the Light into the Room. I have now opened 
52 the Window, that you may ſee the Experiment both 
ht Ways, viz. in the darkened and enlightened Room, 
at once. | | 
nis Euphroſ. I am fully convinced, by this Experiment, 
of that ſcarce any thing more is neceſſary to ſhew the Spots 
y's upon the Sun, than only ſome Contrivance to keep off 
ul the Sun-beams, and the direct Light from falling upon 
on the Screen, in any Sort of Teleſcope or Helioſcope what- 
n, ſoeyer.— Would not this be a very good Way, Cleonicus, 
or to obſerve a ſolar Eclipſe? —_ 
in Cleon. The laſt conſiderable Eclipſe of the Sun TI 1 0 
s, ſhewed this Way, to a great Number of Spectators, who 421 
* were all greatly pleaſed in viewing it in ſo advantageous, Mi | 
and, at the ſame Time, ſo inoffenſive a Manner: And FN 
- thus, alſo, you may view the approaching great Eclipſe 701 
JE in 1764,——But for my own Part, when I want to #8 | 
Fe ſatisfy my Curioſity with a View of the ſolar Spots, Cc. ' 1 
d I giye myſelf no trouble in darkening of a Room, but do 8 || 
k it either by the reflecting Teleſcope, in the Manner I i ö 
's formerly ſhewed you, or elſe by this ſmall Teleſcope, HI 
at in a Ball and Socket, fixed to a Board, which I place . 
= near the Side of a Table on a proper Stand, and, as it 13 | 
h | darkens the Screen, gives me an Opportunity of viewing wa 
it the ſolar Diſk, Spots, and Clouds, juſt as you now i 0 
. obſerve. | E 1 
5 Euphroſ. I ſee you have many Inventions to gratify My 
„„ the few who have any Taſte for natural Curioſities, or Ft 
| think it worth while to obſerve the Wonders of Nature. 1 
. Cleon. You have as yet ſeen but one Part of thoſe ht 
i optical Inftruments, we call Teleſcopes ; but there is : 4 
y * - pn another 
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| * 
another Sort yet, more perfect than theſe, which we call 
reflecting Teleſcopes, the external Form of which you 
are no Stranger to; but the Nature and Structure of this 
Inſtrument being very peculiar and delicate, I ſhall 
endeavour to give you an Idea of it the next Opportunity 
we have to converſe upon theſe Subjects, together with 
ſome Account of their Origin and Invention 1 . 
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. our former Converſation, I have Oblerved't to you a 
material Defe& in the Nature of refracting Tele- 
pes: vix. that they refract not all the Rays of Light to 
a ſingle Point, as they ought to do, for the Perfection of 
Viſion, both on Account of the Figure of the Lenſes, 
and of the different Refrangibility of the Rays of Light; 
and, in the very great magnifying Powers required for 
_ celeſtial Obſervations, their great Length renders them 
unwieldy, and conſequently very inconvenient for Uſe” 
And this proved the general Reaſon for the Invention of 
Teleſcopes by Reflection,” which are, generally i raking, 
called CATrOHTRIC TELESCOPES, © 

Euphroſ. I. remember you have often mentibned this 
Affair: But let me aſk you one ' Queſtion concerning 
long Refractors. Pray, have not all the Skill and Inge- 
nuity of Opticians been able to contrive a Contraction 
of their immoderate Length, ſo as to render them more 
eaſy to be uſed ? 

Cleon. Many Attempts of this Kind have' dicks made; 
but the moſt remarkable were thoſe invented by Dr. Hool, 
under the Name of HELr1oscopes, which he effected by 
various Reflections, from plain Speculums which he 
placed in a long ſquare Tube; ſo that if theſe Reflections 
were made from End to End, he ſhews (to uſe his own 
Words) how + of the Length of the common Tubes 

may 
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may be taken away by four Reflections. But we do 
not find that this ingenious Invention of the Doctor's 
ever obtained ſo far as to be of general Uſe: It is pro- 


bable it might be owing to the imperfect Manner of making 


and poliſhing the Speculums 100 Years. ago; and that if 
the ſame Method were to be now revived, it might be 
attended with better Succeſs: But this only by-the- bye. 
Reflecting Teleſcopes are undoubtedly the beſt Suc- 
cedaneum to Refractors. 


Euphroſ. Pray, who was the firſt n of Teleſcopes 


| by Reflection: ? 


Cleon. The firſt who has given us any direct Account 
of this excellent Invention was Dr. James Gregory, in his 
Book entitled Optica Promota, which was printed in the 
Year 1663. He has there (Page 94, ) given us a Figure 
of the ſaid Teleſcope, very much the ſame Form with 
thoſe we have now in Uſe, viz. conſiſting of one large, 
and one {mall reflecting concave Speculum, and one Lens 
in a Piece at the End, whence it will appear with how 
much Propriety this Form is called, the Gregorian Tele- 
ſcope. But with Regard to the great Speculum in this 
original Teleſcope, it ſeems to have been made of Glaſs, 
and was of a parabolical Figure. The ſmall Speculum, 
he tells us, was elliptical; but afterwards he allows, 
that, conſidering the Difficulty of acquiring theſe Figures 
mechanically, Speculums of a ſpherical Form will do 

ry well. 

i 14 I always had a Nations that Sir Iſaac Newton 
was the Inventor of the reflecting Teleſcope: Pray, is 


not this the common Opinion? 


Cleon. Moſt People have ſuch a Notion ; but it rather 


proceeds from his Improvement, or the Method which he 


took to bring them into common Uſe: For that great 
Man did, for a lon Time, labour with his own Hands, 
both in grinding Mirrors, in Metal and Glaſs, of a 
ſpherical oe and conſtructed a Teleſcope with Specu- 
lums of his own Working; and, laſtly, gave a general 


| Rationale of the Whole: From whenne the World was 


firſt taught the Nature of Viſion by Reflection, and how 
much it is preferable to that by Refraction; and there- 


fore the Trtoy of the Inſtrument, eſpecially. the com- 


nn. Part, we owe to Sir ISAAC NEWTON. 


. 
— —U 
2 9 — — — ao 2 oo ? _ 
0 — 49. * - — — * Un -< 3 * $ 1 > hp) a : 
* 2 — — . — wt a — rere — 
* neren — * oy — — „ „ Gs: re A tb WG i — * A . , i * * p | n. 0 
OR IT WOT — * —— - - ak hs © 2 DEN \ xk F 
— — — 2 0 5 > —— < : 1 * 770) <A F * 0 * 6 — - 1 : = 
N , . 2 Ser bet beo A Kr dn ——— 2 _— "7 av =» — E . re, n 2 — 6c. 2 c q - Fun 
a 8 RY Q x * - ans. + 2 
oy . a a ** l 2 I . _— us 22 — * 
* * . > 4 - 1 5 - = 
K y Yr - & 
d 1 * * us _ 
A LAS Fo bin to 
” £ br 


* — ä - | af 


Pn 
bl — 
_ — 
155 2 . = a — 6 
"1 2 s 
LE OE VO WI IA 5 
8 3 „ r ee 
aan — — - vg — 8 2 ee « r n 
8 2 1 . ͤ Ä to Bnet, eo oven ne 
3 N. SS . 2. wa 2 ——— 7 5 
= r 3 — 1 — * - men #3 >>, - bh 
= n * * Me : "4 + Artois — * 1 oy 
2 COIN —_— * — * 5 Qs” f * PL 2 k 
* 2 8 — 
ad oe pA gh 
Af 6 - 


4 
K. 


7 F 5 noon = 
i > — 


rn 7 ppNGg 
& --- » dots 

— — — 
Gaz 


5 . 3 . " 
P . _— 0 * —  ———— n 0 — 
5 r n ; | * r — : BEA 
i G © 4. r „ — — N * * 3 . e * 1 
— r be od os tends, nd eg BY Sane * . — — . — NN Ti 1 2 
* . = _ 2 < 4 K 2. 47 by — — a>; * q hams * — n hs — . n = * F - 1 
j —— 7 —_— 2 f © ä 6 7 — — | — . ·˖ uprrerptks 101 hs * —” 
7 * 5 of 1a . 0 — — rv — - — ö es eee ER NS = b 
—_ 8 8 : — — Ia >; M 


— 
CATER 
7 


— — 
Re _=_ 
1 


2 + Þ — 
meer; 2 * 
* 2 2 J IT | 4624. Fw * 5 1 My - ds 
" Wa r 4 \ 2 —7 . , — — * 
. — 0 N 2 Fe ** * 7 _— 
7. *% — — — : * . 3 - ä — . \- - + — p . 
_ i Gag r — — ow 1/24 wo PST e 9 r 0 . n 8 3 F ROE JO — 
. TC a EIA - * when g fl rg ht b Py a Fo r 5 — ” Ad fy 2 = 4 Pos ED * hk — „ 
n g , - e ny . * 2 4 * y 79 Wümme * „ at 
a ; 5 N n * 2 wins 
* * _ 4 n L . pokes 
* _ . p —_—_ * " 


—— . 


238 THE YOUNG GENTLEMAN 


Euphroſ. Pray, wherein does the great Excellency of 
a reflecting Teleſcope confift ? | 115 

Clean. In this one Particular, that ſince (as I hereto- 
fore ſnewed you) the Angles of the incident and reflected 
Ray are ever equal, therefore Rays of every different 
Sort falling upon a Speculum, very near to its Axis, will 
all be reflected to one Point therein, at leaſt ſo nearly, 
that the Difference is not ſenſible in any Experiments of 
Viſion; and therefore all that Imperſection ariſing from 
the colorific Quality of Rays, in refracting Teleſcopes, 
has here no Place; nor is the Error, from the Figure 
of the Speculum, any Thing like ſo great as that from 
the Figure of Lenſes: Theſe Teleſcopes, therefore, 


are as perfect in their Nature as any Thing of this Kind 


can be. | 912 | 

Euphroſ. Methinks I ſhould be very glad to have an 
Idea of the particular Manner in which Viſion is produced, 
or the Object formed in a reflecting Teleſcope.;' , 


Cleon. I will give you as particular Account thereof 
as poſſibly I can, and illuſtrate each Part- by an Expe- 


ximent. | 


Firſt, with reſpect to reflected parallel Rays, you muſt 
know that their Focus, or Point, where the Image is 


formed, is juſt a fourth Part of the Diameter of a Sphere, 


of which the great Speculum is a Segment. Thus, for 
Inſtance, you ſee a metalline Speculum, which I take out 
of this Reflector, and holding it in the Sun-beams, they 
are all reflected to a Focus, at ꝙ Inches from the Specu- 
lum, as you ſee meaſured by the common Foot-rule; and 
therefore the Diameter of the concave Sphere, of which 
this Speculum is a ſmall Portion, is 4 Times q, or 36 
Inches in Diameter. 85 8 | 

Euphroſ. All this I perceive very plainly; and the 
Image of Objects formed by ſuch a Speculum is, I 
ſuppoſe, equal to that made by a Lens of g Inches focal 
„„ Fork 

Cleon. It is ſo; and ſince the Image and Object both 
appear under the ſame Angle from the Vertex of the 
Mirror, we may reckon the magnifying Power, by the 
firſt Reflection, to be g Times: Which may be demon- 
ſtrated after the ſame Manner as I formerly ſhewed by 
Lenſes, which I ſhall likewiſe now ſhew you by Expe- 


— 


riment. 


— 
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timent. For the ſmall Speculum, which you obſerve at 
the other End of the Tube, has it focal Diſtance juſt 
one Inch, and therefore if placed juſt 10 Inch:s from the 


reat Speculum, by Means of the Wire-ſcrew at the 


Side of the Teleſcope, then will the Image be in the 
common Focus of both the Speculums ; the Rays there - 
fore which proceed from the Image to the ſmall Speculum 
will be reflected by it, parallel among themſelves, thro” 
the Hole of | the large one; and therefore, if your Eye be 
placed in thoſe parallel Rays, you will ſee the Object moſt 


_ perfectly in the ſmall Speculum, and magnified in Pro- 


portion to the focal Diſtances of the two Metals, that is 
to ſay, as to 1. J will take off the Eye- piece, then 
apply your Eye to the Hole, and turn the Screw till you 
ſee the Object plain. 
Euphroj. Let me try this Experiment; I do 
as you direct me; vat length I ſee the Object very 
diſtinct, very perfectly, indeed: — But I ſee no 
more than what is in the Face of the ſmall Metal, and 
therefore the Field of View is very ſmall I alſo 
obſerve it is magnified ; but I ſhould not have thought it 
was 9 Times larger than the Object. II hkewiſe ſee 
every Thing | upſide down. ——— On all which Ac- 
counts, this ſeems not to be the beſt Method of viewing 
Objects. N * - SST T1037! 
Cleun. You are ſo far right, my Eupbrohyne; the Field 


of View muſt neceſſary be ſmall, as the Eye muſt be 
placed fo far from the ſmall Speculum; the Image 


muſt neceſſarily be inverted, as the Rays croſs each other 
in the common Focus of the Mirrors: But your 
imagining the Object not to be ſo much magnified, is one 


of the moſt uſual Fzllacies of Viſion ; for the Objects 


muſt ever be magnified in the Proportion of the focal 
Diftances of the Mirrours.— The two Metals, as they 
are thus combined, are exactly analagous to the aſtrono- 
mical Refractor, except that in the latter, your Eye 
may be placed near the ſmall Lens, and by that Means 
you have an amplified Field of View. | | | 


Exphroſ. The ſmall Braſs Tube that you ſcrewed off, 


and which you called the Eye- piece, ſeems neceſſary to 


render this Inſtrument compleat; but in what Reſpect it 


is ſerviceable to this End, you will pleaſe to let me know 
Cleonicus? | | ; 
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Cleon. I will This brings me to conſider the 


ſecond Part, or Effect of this optical Machine, which, 


you are to know, is intirely of the Microſcopic-kind : For 


the ſmall Image, formed by the great Speculum, is ſo 


perfect by Reflection, that it will bear to be magnified 
a ſecond Time by the ſmall Speculum, and therefore ma 

now be conſidered as a Microſcopic Object. Beyond which, 
if the ſmall Speculum be placed (by Means of the Wire- 
ſcrew) a little more than its proper focal Diſtance, then 
the Rays, which fall on it from the firſt Image, will not 
now be reflected paralle/, as before, but converging to a 
Focus in the Axis of the Teleſcope produced ; for which 
Purpoſe, you ſee it is neceſſary there ſhould be a Hole in 
the great Mirrour for thoſe reflected Rays to paſs through, 
In the Point where the Rays are united, there will be 
a ſecond Image formed from the Firſt, and as much ex- 
ceeding the Firſt in its Dimenſions of Length and Breadth 
as it exceeds it in Diſtance from the ſmall Speculum; and 


therefore you will eaſily obſerve, that the Effect of the 


Teleſcope in this Part is quite analogous to the com- 
pound Microſcope, whoſe Conſtruction I heretofore ex- 
plained to you. 

Euphroſ. I think, in a general Way, I conceive the 
Reaſon of all you ſay very well; but ſhould be glad if 
you could familiarize it to me by Experiment. 


Cleon. That I can very eaſily | 


do._—] place the 
Tube of the Teleſcope in the Direction of the Sun-beams, 
and then I have made a, little Door to open on the Side 
of the Tube, by which you may look in and ſee the 


Rays reflected, through a large Speculum, to a Focus 


juſt at 9 Inches Dittance : The Image of the Sun 
is there nicely formed, as you will obſerve, by my holding 
this ſmall Slip of poliſhed black Tvory there to receive 
it; which Image, you obſerve, is perfectly nd, oh 
nearly 28 of an Inch in Diameter. Seng? 
Euphroſ. This is a very curious Experiment, indeed; 
the Image of the Sun on the black Ivory is very eaſy and 
plain to the Eye,—it appears to be very perfect, indeed, 
and is, I ſuppoſe, now to be conſidered as a Microſcopic 
Object to the ſmall Speculum. | 
Cleon. It is ſo: and you will ſee a ſecond Image will 


be formed, by ſcrewing the ſmall Speculum backward, 
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| at any Diſtance from it; by Rays reflected through the 


Hole of the large One, the Eye-piecce being taken away: 
-—— ——Fhus, if I hold a Piece of Writing-paper juſt 
behind the great Speculum; ànd keep moving the ſmall 


| Speculum,\ you at Length 'ſce the Image formed very 


diſtinct, and large; in Proportion to the firſt; for the 
Diſtances of the two Images from the ſmall Speculum 


are nearly at 10 to 1; and therefore this ſecondary Image 


is nearly 10 Times as large as the firſt, or about , of an 
Inch in Diameter. I now place the Paper at the Diſtance 
of 18 Inches from the ſmall Speculum; and; as I move 
the Speculum ſtill farther back, it gives x perfect Image 
on the Paper in this Poſition, which is larger than before 


in Proportion of the increaſed Diſtance.—— Once more; 


I place the Paper at the Diſtance of two Feet from the 


little Mirrour, and then you fee, by removing the ſmall 


Speculum ſtil] farther from the firſt, how a ſecond Image 
is formed twice as large as the firſt in Diameter, and 
yet very perfect. | 

Eupbroſ. So very perfect, Cleonicus, that I really ſee 


the Spots on the Sun's Diſk, —— Why, this ſeems to 


me to be an excellent Way of viewing an Eclipſe, the 
Spots in the Sun, or a Tranſit, &c. without more ado. 
Cleon. It is the moſt perfect Way, of any, of repreſent- 
ing thoſe Phænomena, as they are formed by two Re- 
flections only, and they cannot be ſhewn by leſs; and 
if the great Metal has a large Focus, the Experiment of 
exhibiting the folar Diſk this Way is moſt delightful, 
indeed; as for Inſtance, ſuppoſe it was 3 or 4 Feet 
focal Diſtance, the Image of the Sun's Image might be 
thereby eaſily made 5 or 6 Inches in Diameter, which will 
be large enough for all the before-mentioned Purpoſes. 
—— But to return; this ſecond Image is that which 

we view by the Eye-glaſs of the Teleſcope, in the 
lame Manner as the large Image is viewed by the Eye- 
glaſs in the upper Part of the compound Microſcope : 
From all which it appears, that a reflecting Tele- 


ſeope is a compound Inſtrument, conſiſting of a TELE“ 
SCOPE and a MicRoscCoPE :: and if the Metals are ſuch 


as are before-mentioned, whoſe focal Diſtances are as 9 


to 1, then, as a Telefcope, it will magnify 9 Limes, 


the Microſcope Part it will magnify 10 Times; 
VOL the. © | therefore, 
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therefore, upon the Whole, it will magnify g Times 10, 
or 90 Times, and all this ina Length of Tube not greater 
than 14 Inches. e 1 os e | 
Euphroſ. By this compound Power of magnifying 1 
readily diſcern the Reaſon, why a reflecting Teleſcope is 
ſa very ſnort, compared with a Refractor of the ſame 
Power, and conſequently how much more convenient 
they are for Uſe, as they are eaſily applied to a proper 
Stand or Pedeſtal, and are capable of a Motion every 
Way, which not only facilitates its Uſe, but renders it 
vaſtly more pleaſant and agreeable.— But one Thing I 
muſt remind you of, Cleonicus; I remember, ſome Time 
ago, I aſked you what was the magnifying Power of this 
Teleſcope, and I remember you told me, it was about 56 
Times, or fomewhat more : How, then, does that 
agree with the magnifying Power you now mention of 
g0 Times? e N tn] 1 | 
Cleon. I will ſoon fatisfy you in that Particular. I have 
at preſent ſuppoſed, for your more eaſy Comprehenſion, 
that the focal Diſtance of the ſmall Speculum is only one 
Inch; but that is found, by Experience, to be too ſmall, 
or the Power of magnifying too great, to admit of a 
| futticient Degree of Diſtinctneſs and Brightneſs in view- 
ing common Objects, and therefore it is cuſtomary now 
to make the ſmall Mirrors about an Inch and half focal 
Diſtance, and then it will magnify, as a Teleſcope, ſix 
Times, and, as a Microſcope, about nine Times, and 
therefore the Power of magnifying will be, upon the 
Whole, about 54 Times. | 
Eaupbroſ. I apprehend you very clearly, and cannot 
but admire the wonderful Art employed in the Structure, 
and the noble Effects of this curious Machine. But 
one Thing occurs as a Query, which is this: Since the 
primary Image in the Teleſcope is magnified by the ſmall 
Mirror in the Nature of a common Microſcope, pray, 
Cleonicus, would not any ſmall Object, ſubſtituted in the 
Place of that Image, be magnified by this little Mirror 
in the ſame Manner, and thereby this Teleſcope ' be 
made to anſwer the common Uſe of the compound 
Microſcope ? „ 
Cleon. I muſt compliment you, my Eupbroſyne, on 
this happy Thought of yours; for though this T cleſcope 
| 15 


3 


Point. 


magnifying in this Inſtrument: 
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is now of 100 Vears ſtanding, the Uſe you have now 


mentioned of it has never been conſidered *till very lately, 
nor do you find any Author who has given Directions for 
this Part of the Uſe of the Teleſcope: But, to ſay 
the Truth, there is no Microſcope can give fo perfect 
a View of an Object as you have this Way; and I can 
aſſure you, that this was the Sentiment of a NoBLEMAN 
of the firſt Rank (for whom the Mufes are now in the 
deepeſt Mourning :) And whoever has Dexterity enough 
to apply Objects this Way, will find their Curioſity 
highly rewarded with the moſt exquiſite Views of Nature's 
high finiſhed Pieces in Miniature; and that nothing of 
this Kind in Nature or Art may eſcape your Notice, I 
have contrived to make this Method of applying Objects 
very eaſy for your Uſe, wiz. in the Teleſcope at large, 
by a Door opening on the Side againſt the common Focus 
of the two Mirrors; where a Pair of Plyers are eaſily 


fixed for holding any ſmall Object before the ſmall. Specu- 


lum in a proper Manner, and then, whether tranſparent 
or opake, it may be viewed by procuring a proper Focus 
by turning the Screw at the Side. | | 

Euphroſ. I was juſt wondering what that Opening, or 
Door at the Side of the Tube, ſhould mean; but now 
I ſee how perfectly it ſuits the Deſign :—You'll however 
oblige me with a View of ſome ſmall Objects in this 
Method. | 526 
Cleon. With the utmoſt Pleaſure I ſhall doit, having 
provided ſeveral fit Objects for that Purpoſe. In the 


firſt Place, the Ends of the Plyers itſelf, which are placed 


to hold the Object, will give you full Satisfaction in this 
I put the Cover on at the End, to keep all 
dark about the ſmall Speculum when opake Objects are 
deſigned to be viewed, then turning the "Teleſcope about, 


ſo that the Sun-beams may fall on the Side of the Knip- 


pers next the ſaid Speculum, you may view the ſame 
magnified in a very agreeable Manner by looking thro? 
the Inſtrument in the common Way. 

Euphroſ. It makes a very delicate Object, indeed, 
and ſhews wonderfully well the microſcopic Power of 
I cannot but admire 
the fine Colours which appear; how intenſe the Blue, and 
trong the Mazarine !—your Plyers feem, to the naked- 
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Eye, a pretty poliſhed Thing; but in this Inſtrument it 
appears very coarſe, and furrowed with the Teeth of 
the File. But now let me view ſome other Object. 
Clean. The Skin of a Sole-fiſn is what you have ſeen 
in Microſcopes, and is what I ſhall now put in the 
Plyers for you to view, and form a Judgment of its Ap- 
pearance in the two different Inſtruments. Alt is now 
placed in a proper Light: Look at it. 55 
Eupkroſ. I do remember ſeeing the ſame Object before; 
but I muſt acknowledge I never faw it in that Perfection, 
and fo diſtinctly, as now :S——1 cannot ſee how it is 


poſſible for any Thing to exceed the Delicacy of ſuch a 


microſcopic View.——Pray, how do tranſparent Obje&s 


Clean. That you will likewiſe eaſily find by viewing 


one ſingle Scale of this Kind in the Plyers: 1 have 


choſen a large one for this Purpoſe, which you-may; now 
obſerve, the End of the Teleſcope being now opened 
for the Sky-light, ud notti 551 

Eupbroſ. 1 view it with. great Satisfaction, — 
and by moving the "Teleſcope a little one Way, and the 
other, I find that Light which ſhews it to the belt Ad- 
vantage. | | ups 

Cleon. I next preſent to your View a ſmall Piece of a 
Leaf anatomized, ſuch a one as you here ſee diveſted of its 


Skin, and all the green Part, which the botanical Anato- 


mitts call the Parenchyma. | att 11 
 Euphrs/ſ. Why this Leaf, Cleonicus, is one of the 
fineſt Objects I ever ſaw, without being magnified at all; 
but as its Texture appears ſo delicate, it certainly requires 
a magnifying Glaſs to ſhew it to its utmoſt Advantage: 
A imall Piece of that mult certainly make a fine micro- 
\-opic Object. 1280 
Clean. A Piece of an Aſpen-lecf is now in the Plyers, 
to gratify your Curioſity. ; 
Euphroeſ. And a great Curioſity, indeed, it is to 
view it; what wondrous fine Branchery, and Ramifi- 
cation through all the Parts, appear How amazing 
are all the Works of Nature, in theſe artificial Views! 
Cleon. Theſe Inſtances ſufficiently ſhew how excellent 
a Part of the Teleſcope has hitherto paſſed unnoticed by 


the Public, and how very incurious they have been about 
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the Improvement of ſo noble an Invention: But a 


farther Proof of this we have in the deficient Structure 
thereof, by all the Opticians hitherto, who, from Father 
to Son, have gone on in one common Track of limiting 
our View of all Objects to the Diſtance of 60, 80, or 
100 Feet, according to the different Sizes of the Inſtru- 
ment; ſo confined and indelicate were their Notions in 
the Mechaniſm of this Inftrument, that they never con- 
ſidered it as capable of improving the Sight for near Ob- 


jects they left us to the dull Satisfaction of diſtinguiſh- 


ing a Fly from a Bee, a aſp from a Hornet, or an Ane- 
mny from a Jonguil, &c. by the natural Sight, as if 
the general Form and Appearance of Objects were all that 
we were to be follicitous about: But they who know 
the Pleaſure of the more improved and refined Views even 
of common Objects, cannot but look upon the uſual 
Structure of our reflecting Teleſcopes as very imperfect ; 
every Object about us we view with a naked Eye, ap- 
pears ſo ſtrangely altered by the Teleſcope, that you 
ſcarce know what you look at. I could engage to ſhew 
you many of them, without your being able to gueſs at 
the Subject, though ever ſo well known in a vulgar 
View,—-—[I ſhall now try you with an Object you are 
well acquainted with; but had J ſaid nothing to you, I 
am well aſfured you would not have had thg leaſt Idea of 
it, even from the moſt perfect View; —for this Pur- 
poſe, turn your Back for a Moment, and be upon Ho- 


nour not to look upon any Thing but through the Tele- 


ſcope, when J ſpeak, There it is; tell me what 
you ſee. | 

Euphroſ. I do not know that I can preſently, — it is 
ſomething vaſtly large, with a great Elliptic opening at 
ene End, cloſed in a ſpherical Form at the other, 
over all which are a Number of large deep Holes in pro- 
per Arrangement, each one big enough to hold a Bullet ; 
the Whole ſeems of a huge cylindric Form; and I 
«0 really think, had you not been ſpeaking of this Sort 
of Deception, I ſhould have formed no Idea of the Thing 
at all; but as the Caſe ſtands, I judge it muſt very much 
reſemble a Thimble, which Gulliver might have feen on 


the Finger of the Brobdingnag Woman at work with a 


Needle; 
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Chon. The Conceit is very juſt ; for the Appearance 
would have been much the ſame — — ſmall Thimble 
thus magnified, by the Megalaſcope: For now this Inſtru- 
ment leaves the Name of a Teleſcope, which denotes its 
ſhewing di/tant Objects only; but when we come to apply 
it for viewing Objects that are very near, it is called an 
ENGYSCOPE;..and on Account of its ſhewing all the 
larger Sort of Obj jects, ſtill much larger than they appear 
to the naked Thy, it is called a MEGALAscoPE. 

Eupbroſ. It is on this Account, I ſuppoſe, that the 
ſmaller Sort of reflecting Teleſcopes are made with a 
Drawer, or Tube, to flide out oy Means of Teeth and 
Pinion on the Side. 

Cleon. You are right, my PR ao that is the De- 
ſign of this Conſtruction; ; for by that Means you may 
lengthen the Teleſcope as you hold it in your Hands for 
viewing any Object in the Room where you fit, or any 
where about you to the Diſtance of within 2 or 3 F eet; for 
let the Object be placed where it will, you need only direct 
your Teleſcope to it, and, turning the Screw once or 
twice round, you will be preſented with a new and de- 
lightful View of the ſame : Here, take this Inſtru- 
ment, and look at any Thing you Pn about the 
Room. 

Eupbroſ. I will: 


And firſt let me leo at the Car- 


pet. How very coarſe the Texture and Colours appear! 


an odd Figure it makes, indeed. Next, I view the 
Blind in the Window, which looks as coarſe as Wire- 
lattice, inftead of Linen-Cloth. I now turn the Tube 
to the Horſe-hair Bottom of the Chair; and theſe I ſhould 
never have known, had J not firſt ſeen them with a naked 
Eye: They look more like Hurdles: of poliſhed W hale- 
bone. I next direct it to the filvered Plate of the Baro- 
meter, where the Glaſs-Tube, with the Silver in it, 


appears as big as your Walking-Cane, and I can plainly 
I ſhall next remove it 


ſee the Index ſtand at Fair.— 
to the Fruit-piece, and there I obſerve the Diſh of Nec- 
tarins, Grapes, and Philberts, as natural as on the 
Table itſelf. —I view my Grandfather's Picture, and it 
gives Life and Relievo to the Face of the old Gentleman; 
his Face, his Noſe, and Lips, all project in ſuch a Mans» 
ner, as if coming out of the Canyas, 
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leon. Theſe Objects may afford you. a fine Entertain- 
ment within Doors; but now throw up the Saſh, and 
view the glorious Scenes of Nature over all the Garden 
before you; and this I ſhall propoſe for your Amuſement 
while I withdraw, at 0 to make goo an Ap- 
pointment. ; 


* 
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DIALOGUE X. 


1 #8 the genuine Conſtruckion of ReFLEtcTiNnNG 
TEL EScO ES, aud alſo of a new Fünen 
CAMERA OB$SCURA. 


Cleonicus. 


N. our for rer Converſation on the Subject of reflect- 
ing Teleſcopes, I obſerved to you, its general Na- 
ture in afliſting, the Sight to. diſcern molt perfectly all 


Kinds of Objects, great or ſmall, remote or near at 


Hand: I have likewiſe further obſerved, that the Errors 
of Viſion, by Reflection, are incomparably leſs than 
thoſe by Retraction, and that therefore the reflecting 
Teleſcope is juſtly eſteemed the moſt perfect of all optical 
Inſtruments ;z and then, with regard to the Conſtruction, 


L have ſhewn you how that is to be improved for a more 


general Application and Uſe of it. But there is ſtill one 


Thing remaining, which, I think, you ought to be 


apprized of, and that is, that the reflecting Teleſcope, 
in its preſent Form and Conſtruction, is not made to 
anſwer that Character truly, or it is not, properly ſpeax- 
ing, a pure refletting Teleſcope; but its Effect is produced 
partly by Reflection, and partly by Refraction, and 
therefore called, by Opticians, a Catadioptric Teletcope:: 
Whereas, that which produces V:iion wholly by Re- 
flection is properly called a Catoptric Teleſcope; of which 
more at another Time. 

Euphroſ. How do you propoſe to explain to me the 
Conſtruction of the reflecting FTeleſcope? | 

Cleon. I have already ſhewed you how the Met als and 
Glaſſes are placed in this Teleſcope, which are ſuch as 


are expreſſed in this Figure (See Fig. 1.) where AB E H 


is the Tube of the Teleſcope, and CPD the Eye-piece 
R 4 at 
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at the End, B E the creat Metal with the Hole CDI in 
the Middle, G H is a Stem or Foot on the other End, 

_ which ſupports the little Speculum xy; in the Eye. piece, 
MX is the firſt: Glaſs, or that which is next to the 
great Metal; V Z is the ſecond Glaſs, or that next the 
25 at P. 

i Eupbrof. This 1 ee is the Diſpoſition of the Glaſſes h 
in the Teleſcope I have ſeen ; but now, how the Image 
is formed by Reflection and Refraction both, you will 
pleaſe to explain, | 

Cleon. IT will: In order to which, let at and 24 repre- 
ſent two Rays proceeding from a Point, of a very diſtant 
Object, placed in the Axis of the Teleſcope ; they will, 
after Reflection from the Points c, 4, in the large Metal, 
be converged to a Point e in the ſaid Axis: And, in like 
Manner, Rays proceeding ſrom all other Points of that 
Object will, by the great Speculum, be converged to ſo 

mapy other Points at the Diſtancæ Qe, where f wil 
all together form the Image of that Object l M 

Eupbroſ. This I well remember you ſhewed magni in 
explaining the Nature of Concave Mirrors of Glaſs; and 
Moreover, that the Poſition of the Image I M is-contrary 
to;, that of the Object, or inverted. Laſtly, 1 obſerved 
that this Image I M is formed wholly. by reflected Light: 
hut, pray, Cleonicus, let me aſk you one Queſtion, 
how comes it to paſs that the Image is perfect and intire, 
when there is ſo large a Hole in the Center or. Middle of 
the Speculum? I ſhould have thought that Hole would 
have occaſioned ſome. Drbcioncy in the middle Part of 
ade Image. 

Cleon. Not at all, my Eupbroſyne; for you will ally 
perceive tt at any ſmall Part of the Speculum alone may 
pe conſidered as an entire Speculum of itſelf, and will 
form be Image, or Appearance of any Odject, as well 
as the Whole, only the Picture will be leſs luminous in 
Proportion as the Surface is leſs; and this is the Reaſon 
why, when a Speculum is beoke into ever ſo many 
Pieces, every Piece, great or ſmall, forms the ſame Image 
of a given Object, in every reſpect but that of Bright- 
neſs; and therefore the Hole in the Middle of the Metal 
avails no more than it would do to ſtick a large black 


Patch any where on che Surface of an entire concave 
Glaſs, 


- 
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| Glaſs, which you would find would make no Difference 


at all in the wot TING of an pe or Peg RES 
ture, formed thereby. | 

ehr I appretiend you very well) and ſhall knot 
you no tarther in this Matter What do you next ob- 
ſerve in the Structure of this Inſtrument ? | 

Clem; Vou are to take Notice, that the Point F is the 
ſolar Focus of the ſinall Speculum x y, and therefore by 
moving! this Speculum to the Diſtance Ge, greater than 
its focal Diſtance G /, the Rays ey and e x, diverging 
from the middle Point e of the Image, will, after Re- 
flection at y, x; be made to converge to ſome diſtant 
Point in the Axis at &; but, in their Paſlage at u o, are 
intercepted by the firſt Glaſs W X, and by it are refracted 
to a Point [nearer to the Glaſs at K, in the Axis of the 
Tube; alſo, two other Rays, I G and M G, proceed- 

ing from two extreme Parts of the Image IM to the 
Center'G of the ſmall Speculum, are from thence mu- 


tually and alternately reflected on contrary Sides in the 


ſame Direction towards the diſtant Points 4 7; but in 
their Way are intercepted by the firſt Eye-glaſs in the 
Points WX, and from thence refracted to the Points 
RS; and thereſdre the ſecond Image is RK 8, and is 
—— partly by Reflection from the little Metal x y, and 
by Refraction through the Glaſs WX: And 
Ten: it is, that the Inſtrument, in this Form, partakes 
of the Nature of a reflecting and of a refracting Tele- 
* and is of a middle Kind between both, - 
Euphreſ. And therefore, of Courſe, it muſt likewiſe 
partake of the Advantages and Diſadvantages of both 
thoſe Sorts of Teleſcopes : : The principal Imperfection, 


1 ſuppoſe, is that ariſing from Refraction through the 


Glaſs WX. 

Cleon. You obſerve rightly, m Euphroſyne, that is an 
Objection that a Catadioptric Teleſcope is liable to; the 
tecond Image cannot be formed without a colorific Re- 
fraction, and therefore cannot be fo perfect as one that is 
formed wholly by reflected Light “. *, At preſent, I have 

another 


—— — 


— 


N. B. we have thought neceſſary to illuſtrate the Doctrine 
of refleing Teleſcopes by Figure I I. of Plate 48, as it will 
| greatly 
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another optical Inſtrument to deſcribe, which I fancy 

will give you equal Pleaſure with many of the foregoing, 
eſpecially as it contains, in a. ſmall Compaſs, a general 
Praxis of optical Experiments: The Inſtrument I mean 
is a #eww proportional Camera Obſcura. 


Euphroſ. It is a pretty Inſtrument, I allow; but how 
does this differ from the common Camera Obſcura ? 

Cleon, In three Reſpects: Firſt, in the Form; but 
this is the leaſt of all material. Secondly, it forms an 
Image in any aſſignable Proportion to the Object, in all 
Degrees below Equality.— Thirdly, Wilſon's Microſcope 
is adapted to it, for exhibiting a large Image of any very 
ſmall Object. N | p 

Euphreſ. By what you have ſaid, Cleonicus,. I ſuppoſe 
the Uſe of this Camera is principally for Drawing. 
 Cleon. That is the chief Deſign of it: As the Arts of 
Deſign and Drawing are very innocent, inſtructive, and 
uſeful, they ought to be conſidered as a Part of the polite 
Education of every young Lady and Gentleman of Ge- 
nius; and therefore all Helps ſhould be furniſhed for 
rendering them eaſy in Practice: And as every Art pro- 
ceeds at firſt from Imitation, ſo do thoſe more eſpecially 
which are relative to Drawing and Painting, and the 
better the Originals are, the more exact and exquiſite 

will be the Improvements that are acquired by copying 
of them ; and it is well known, that Nature's Drawings, - 
Perſpective, and Painting, are in themſelves moſt perfect, 
and therefore ought to be propoſed in the firſt Place for 


: Imitation. 


— * " OW 0 


ns 0 


greatly aſſiſt the Imagination in repreſenting the Courſe of the 
Rays of Light, by right Lines drawn in the Manner as the 
Rays are reflected by the Speculums, and refracted through the 
Glaſſes, as we could not fo well give a Repreſentation of the 
Sun; beams paſſing through this Inſtrument in a darkened Room, 
as we did for the ſeveral Sorts of refracting Teleſcopes in Plate 
47 ; alſo in Figure II. we have.ſhewn how the ſeveral Pencils 
of Rays proceeding from the Points of a diſtant Object OB are 
refracted by the Glaſſes of a common Teleſcope, viz. the Ob- 
ject- glaſs x x, and the three Eye-glaſſes a5, p 9, cz, ſo as to 
produce diftin& Viſion upon the optic Nerve in the Eye in the 
inverted Picture 75  ; by obſerving the Courſe of thoſe Rays, 
or Lines, the Reader will have a better Idea of what was del 


vered on this Subject in a former Dialogue. 
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Imitation. They who do not draw, or deſign, from 
Nature, in effect do nothing, as neither Spirit nor Sub- 
limity can be found in any other Compoſitions.: But in 
order to qualify a Perſon to copy Nature with Art and 
Judgment, he ought firſt to be acquainted with the Na- 
ture and Rules of Perſpective; for Nature, it is well 
known, is all Perſpective to the Eye. If we take a Sur- 
vey of Fields, Gardens, diſtant Towns, c. they all 
appear to the Eye as if repreſented on a tranſparent Plain, 
placed perpendicular to the Horizon at a ſmall Diſtance 
from you. | | 29 5 
Euphroſ. If then I take you right, Cleonicus, you mean, 
as yonder Fields and Meadows appear on the Glaſſes of 
this Saſh-window to my Eye, viewing them here in the 
Room ? 54 | 
Cleon. Exactly in the ſame Manner, my Euphroſyne, — 
all the Ground beyond the Window, which you (ee, 
riſes on the Glaſs-plain, and, by Degrees, the Parts 
lefien to the View as they are more remote, till they be- 
come very indiſtinct, and gradually diſappear in the moſt 
diſtant Part which you ſee, and is called the perſpective 
Horizon on the Window. 85 | 
Euphroſ. In what you have now ſaid, you ſeem to have 
deſcribed a viſual Landſcape on the Window. | 
Cleon. The common Landſcape is only the ſame Thing 
in Oil-colours on the Canvas, if executed by the Rules 
of Art. I only take this Opportunity to convince you, 
that all pitureſque Repreſentations of Nature are ſtrictly 
limited by perſpective Rules; and they who do not there- 
fore obſerve them in their Drawings, and Deſigns, muſt 
never expect any Praiſe for their Performances. Now 
as all thoſe Imitations of Nature are a Sort of Miniature- 
painting (for the largeſt Landſcape is only a perſpective 
Repreſentation of a large Field of View in a ſmall Com- 
paſs) therefore, in order to facilitate ſuch a Practice, 


Art ſupplies manifold Helps to that End.—A Perſon the 


moſt ſkilful in Perſpective, and in the Art of Deſigning, 
ſucceeds but ill in Landſcape- painting, without long 


Practice in the common Way, or otherwiſe by having Re- 


courſe to their Aſſiſtance. What I mean regards that 
Variety of artificial Pictures and Landſcapes that are 
made by different Sorts of Glaſſes; for you very well 

| know, 
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i tive if the Glaſs be of a proper Size. 


Tome Time ago, are of the ſame Kind, but inverted, —- 


or ſo remote, that the focal Diſtance of the Glaſs bears 
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now, that no poliſhed Mirrour can be expoſed to 2 
Building, or diſtant View, but there immediate! reſults 
an extemporaneous Picture of the ſame in true Perpee- 


Eupbroſ. This I have oftentimes, - with the higheſt 
Fleaſure, obſerved, and I think nothing can compare 
With the Beauty and Perfection of thoſe Landſcapes that 
J have ſeen formed by large Convex Speculums.—Thoſe 
Pictures which you ſhewed me in the darkened Room, 


In ſhort, 1 often amuſe myſelf with the pictureſque Ap- 
pearance of Objects, by Reflection of almoſt every Kind 
of Glais that comes in my Way. 

Cleon. As. thoſe Glaſſes give ſo just and artificial 2 
Repreſentation of any particular View of Nature, they 
have been much ifed ; in thoſe Sorts of Inſtruments called 
portable Camera Obſcuras, becauſe in them the Artiſt, Can 
ealily obſerve the true Diſpoſition of all the Parts of the 
Piece he intends to draw, the Contours or Qut-lines of 
the Figures, the perſpective Diminution, the C laroſcura, 
or the Light and Shades, with every other Circumſtance 
neceſſary to be obſerved in forming the perfect Picture.— 
But after all, this Inſtrument is not perfect in a principal 
Particular which I mentioned to you before, and that is, 
the Artiſt, by a common Camera, cannot draw any par- 
ticular Building, or other Object, in a given Proportion 
of Magnitude, as is often required; and therefore I have 
contrived this, which you here ſee, to ſupply thit Defect, 

Euphraſ. By what Means is this effected? I ſhould 
be glad to find myſelf capable of underitanding the Rea- 
fon of it. 

_ Clem. That I will endeavour to ſhew you by Expe, 
riment. When Objects are at a very great Diſtance, 


no Compariſon to their Diſtance, then the Image or Pic- 
tures of thoſe Objects are fo: med in the Facus of the 

laſs, and bear no ſenſible Proportion of Magnitude to 
the Objects. — But in Caſe of Objects near at Hand, 
ther Pictures become larger, and will bear a ſenſible 
Compariſon with the Object, viz. the Proportion of 
their Diſtances from the Glaſs, all which I have formerly 
opſerved to you, and ſhewed you by Experiment. 
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J1 ie I remember you did; and Tc can eaſily | under- 
Kind? that as the Object approaches the convex: Lens, 
'the Image will recede from it; for as the Diſtance of the 
former decreaſes, fo thit'of the latter will increaſe, and the 
Size of the Image will alfo increaſe along with it: And 
according to this Doctrine I can eaſily conclude, that 


the Diſtances of the Object and the Image may at Length 


become equal, and that conſequently, they themſelves will 
become equal alfo ; but what the Ratio of theſe Diſtances 


is, for any given Proportion of the Object to the Image, 


1 preſume the Learned only can know 
Cleon. I can eaſily ſupply you with a Rule for deter- 


mining the ſame; but as it will be different for every 


different Sort of Glaſs, I ſhall not pretend to trouble you 
with it, having put it in your Power, by Means of this 
Inſtrument, to form the Image for any Object og in 
Magnitude to the Object itſelf, or in any Proportion leſs, _ 
at Pleaſure, from one 115 2 Hundfed Times Une Thing 

however, 1 think is a Matter of ſome Curioſity, and 

therefore proper you ſhould know, viz. that when a 

Image and Object are equa}, their Diſtance from 1 
Glaſs being alſo equal, will be juſt double the focal 
Diftance of the Glaſs. Thus, ſuppoſing the focal 
Diſtance of a Glaſs was nine Feet in a ſcioptric Ball and 
Socket, placed in the Window-ſhut of a Jong Room, 
then if you were to place yourſelf before the Window, at 


the Diſtance of eighteen Feet, a Perſon in the Room will 


ſee your Face of the ſame Magnitude as it really is, oa 
the Screen at the Diſtance of eighteen Feet from the 
Window. In the ſame Manner, if the Glaſs were 
but ten Inches focal Diſtance, any Object placed before 
it, at the Diſtance of twenty Inches, would have the 
Image formed on the Screen at the Diſtance of twenty 
Inches from the Window ; and this is the Caſ: of one of 
theſe Glaſſes which belongs to this proportional Camera 
Ohſcura, which being ſcrewed on in the Front of, the. 
Box: and being then drawn cut to the Diſtance oft wenty 
inches, marked on a proper Scale, whateyer Object is 
placed before this Glaſs, at the Diſtance of twenty 
Inches, will have its Image formed on the Glats. ot. ay 
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- Euphreſ. Let me try that Experiment with my Snuff. 


Now let me draw out the Glaſs to the Diſtance of 20 
Inches, —and then I move it forward and back ward till I 
ſee the Image perfect; and then, as you obſerve, I 


ſee the white enamelled Lid, and the whole Box juſt of 
an equal Size. Ty | Ny 


Cleon. Then there let it reſt, till I meaſure the Diſtance 
with this Rule, —which, you obſerve, is juſt 20 Inches 
from the Glaſs to the Box, the ſame as the Diſtance of 
the Image.— And hence you ſee, how eaſy it is to draw 
8 not larger than the Glaſs, of an equal 

ulk. | | 


| A Eupbreſ. On the Right-hand Part of the Copper-plate 


Paper, on the Drawer, is a double Row of Figures ap- 


poſitely placed by the Scale of Inches; pray, what do 


they denote ? | 
Cleon. They ſhew the Proportion of Magnitude between 
the Object and the Image when formed on the Glaſs, 
when the Drawer is moved or ſet to any of thoſe particu- 
lar Numbers : 'Thus, for Inſtance,” if I move it to the 
Number 15 or 10, then is the Glaſs 16 Inches and 5 
from the End ; and whenever an Image in that Situation 
is formed in the Glaſs, its Size, or Dimenſion of Length 
and Breadth, will be to thoſe of the Object as 10 to 15. 
Euphroſ. After the ſame Manner, I ſuppoſe, if I move 
the Drawer to 15 Inches on the Scale, the Outlines of the 


Image then formed on the Glaſs will be to thoſe of the 


Object in Proportion as 10 to 20, or juſt half as big. 
Cleon. That is the very Thing; you there repreſent 
the Object of half its natural linear Dimenſions, | 
Euphroſ. But I obſerve in that Scale, the Proportions 
go no farther than of 3o to 10. P 
Cleon. It is true; when the Drawer is moved quite 
home to the Numbers you mention, the Length and 


HBireadth of every Image on the Glaſs is juſt + Part of 


that of the Object, —and this is as far as we can con- 
veniently go with a Glaſs of 10 Inches focal Diſtance :— 
But now, if we take that out, and place in another Glaſs 
of 15 Inches focal Diſtance, then with that we can form 
an Image in any Proportion leſs than the Object, from 
that of + to r Part, 
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Eupbroſ. For this I obſerve you have a Scale en the 
Left- hand Side of the Paper, — and that when the Drawer 


is moved quite out to 20 Inches, the Proportion is then 


as 1 to 3.—If I move it to 18 Inches, the Proportion is 


that of 1 to 5. - Again, 16 Inches and g; gives the Pro- 
ion of 1 to 10; and thus, I obſerve, hy moving it to 


portion o 
the ſeveral Numbers ſucceſſively on this and the other 
Scale, L can form an Image in any aſſigned Proportion 


leſs than the Object, by uſing the proper Glaſſes, which, : 


on many Occaſions, muſt be very convenient. 

Cleon. The young Artiſt will always find Gemen Pt 
drawing of Objects leſs than the Ly and oftentimes 
of a given Size, which he may do by this Camera as well 
as by any other, and have the Pleaſure of ſeeing at the 
ſame Time the Proportion between the Image and the 


Object: But of this I have ſaid enough to give you a 


clear Idea of the Nature and Deſign of the Inſtrument, 


and ſhall now leave it with you to render the Uſe of it 
more familiar, by Practice, and to make it a Part of "You ; 


Amuſement at leiſure Hours *. 
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DIALOGUE XI. 


— the nad SIT of the Planet VENus, l 


its Ecrxtss from the SoLar Dis k, on June the. 
6th, 1761, in the Morning; together with ſome. 


CALCULATIONS relative to the ELEMENTS of 


ber THEO R Y. Alſo 3 SATELLITE Juppoſed” 


to attend Her. 
Euphroſyne. 


| A, Length, the long expected 3 came, and { 


the ae Fhaænↄmenon viewed to e! Per- 4 
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OY ought? it not neceltfry h here to fay any Thing « of the Uſe 
of the Solar Micraſcope, fince that will not be difficult to any 
one acquainted with that Inſtrument already ſo fully deſcribed. 
1 PIR portable Camera Obſcura is ſhewn in Fig. I. of 
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ſection, than could be expected from the Weather for 
many preceding Days. Well, I cannot but ſay, I 
viewed the glorious Spectacle with more exquiſite Pleaſure 
and Satisfaction, than ever I beheld any other Object in 
the whole Circle of the Creation; and to other admiring 
Mortals, as well as myſelf, I make no Doubt but ſhe 
appeared more deſirable and eligible in her fable Dreſs, 
than when arrayed with all the Splendor of the Morning, 
——Phaſphorus and Heſperus are indeed moſt glorious 
Contraſts of what ſhe appeared this Day upon the Sun: 
———Diveſted of all her uſual Radiance, ſhe ſhewed 
herſelf in the natural Simplicity of a dark, or opake 
Planet, ſo large, ſo black, fo perfectly round, and 
uniform in her Motion, that ſhe anſwered perfectly to 
all the Ideas of Expectations that had been formed from 
every Prediction of this great Event. And ſince | 
have had the Pleaſure of obſerving this Phænomenon, 
I muſt deſire you to give me ſome Account of the ſame, 
and how you apply it to the Uſes you formerly mentioned 
to me. e h 
Cleon. The Morning, upon the Whole, proved very 
favourable; the riſing Sun would have been an acceptable 
Sight; but this was not permitted to us at London, though, 
in many Parts of England, they had the Satisfaction of 
viewing it the whole Time. However, we had, as 
if for the Purpoſe, a clear Sky, for obſerving the critical 
Moment, which was that of her Egreſs, or Emerſon 
from the Sun's Diſk : Which gave us a fair Opportunity 
of obſerving, to nearly a Second of Time, the Momem 
when ſhe touched the Limb of the Sun internally and 


externally, and thereby to determine the Space which he 


paſſed in her viſible Path during the Time of her Egccls: 
Which Space, were it accurately aſcertained, would b: 
of the greateſt Conſequence for ſettling the principal 
Elements in the THEORY of this Planet's Motions, 


Eupbroſ. IT do not then wonder that you and ſeveral 


other Gentlemen were ſo very attentive to that Particular, 
and that you were ſo very buſy with your Watches in 
obſerving thoſe Moments of Time. But were you 
ſure that your Watches were perfectly right, or that chey 
- ſhewed the "Time of thoſe Incidents truly! 
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Clem. They were adjuſted by Regulators the Night 


before; but whether they were exact as to what the 
Aſtronomers eall the mean Time, was not ſo much the 
Queſtion here; the principal Thing, in regard to the 
_ Time, was the Diviſion of it into Seconds; for by this 
| | Means we could obſerve, nearly to a Second of Time, the 
Moment that the Planet touched the Sun's Diſk inter- 


nally, and alſo the external Contact, within a few Seconds. 


Now, if you remember, I told you that Venus at this 


Time very accurately deſcribed four Minutes of a Degree 
in an Hour, or 60 Minutes of Time, and therefore one 


Minute, or 60 Seconds of Motion in each Quarter of an 


Hour, or 15 Minutes of Time; which is at the Rate of 


four Seconds of a Degree for a Minute, that is, 4 for 
every Second of Time; from whence you muſt obſerve, 


that a few Seconds of Time in the Duration of the 
Emerſion will produce no ſenſible Error in the Space 


 deſeribed by the Planet in that Time. 


Euphroſ. I farther obſerve, that you were not a little 
anxious about the Size or Dimenſions of the planetary 
Spot, and that you took Notice in particular how far it 
fell ſhort of the Number of Seconds -which Dr. Halley 
gave it in his Diſſertation. | Wot 

Clem. This is another Point of no ſmall Importance 
towards perfecting the Theory of this Planet, as without 
it no great Uſe could be made in Calculations depending 
upon the exact Time, or Space deſcribed in the Emerſion, 
as I ſhall illuſtrate to you more particularly in a very large 
Diagram by-and-by, which ſhall be a Repreſentation of 
the Sun's Diſk 8 Feet in Diameter, and that of the Planet 
3 Inches, by which every Thing relating to thoſe Par- 


ticulars will be evident by Inſpection.— Dr. Halley made 


the Diameter of this Planet 75”, whereas ſhe appeared 
by our Meaſurements not to be 60”. I had prepared an 
Inſtrument for meaſuring the Diameter of the Planet with 
the greateſt Exactneſs, but found it was impoſſible to 
apply it in a public Company. a 
Enuphroſ. By theſe Obſervations you can aſcertain the 
Ratio of the Diameter of the Planet to that of the Sun? 
Cleon. Yes, pretty nicely; for Dr. Halley gives 31 517 


or 951“ for the Diameter of the Sun: But by meaſuring 
it very accurately by the Micrometer, a few Days after 
8 | We” 


Vol. II, 


- 
* 


A —— 


* A FEY n 
. _ * . = * 
; Mn 


| — . er 
P 3 1 
re T 
— r N 


— 
— OE era — 


22 > 

— n. 2 

b —. * = 
* —— — 


WA: — u 


Ra 


2 i” 8 ay 
— 


4. 


92 


/ 


— 
Oro PE 


Aa . — 4 
a » n 
eee 
Ss TRY . 
* 3 _ 


the Earth bears to that of Venus in her Orbit. 
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the Tranſit, 1 could not make it leſs than 32 or 960% 
and ſuppoſing that of the Planet was nearly one Minute, 
their apparent Diameters were to each other as 32 to 1.— 
By this Experiment of the Tranſit, we find how much. 
more accurately the Planets are to be meaſured when 
diveſted of their Luſtre or Radiance. ; 
Euphroſ. I remember you told me- heretofore, that 
this Planet was near as big as the Earth; but ſince you 
have now found her Diameter leſs than was uſually eſti- 
mated, I ſuppoſe ſhe will ſhrink to a lefs Bulk, and we 
ſhall now have a greater Superiority over that Planet in 
regard to Magnitude, than was heretofore ſuppoſed. 
Cleon. Yes, ſhe now dwindles very much indeed; the 
Magnitudes of all Bodies, viewed at the ſame Diſtance, 
being in Proportion to the Cubes of the Diameters : Now 
the Cube of 75 to that of 60, is as 412 to 216, and 
therefore the Planet is, by this Obſervation, reduced to 
nearly one half of its former ſuppoſed Magnitude, or to 
little more than half that of the Earth, and muſt now 
be reckoned the leaſt of all in the Heavens but one, biz. 
Mercury; whereas, heretofore the Planet Mars was 
thought to be ſo. However, her Magnitude is fo 
very conſiderable, that, in regard to her V icjnity to the 
Sun, ſhe makes the moſt reſplendent Appearance, and 
has always been regarded as the moſt beautiful of all 
the planetary Syſtem, inſomuch, that the Goppess of 
BEAUTY herſelf was honoured with her Name. 
Euphroſ. This Phznomenon of the Tranſit of Venus 
is looked upon as a great Curioſity, Tſuppoſe, on Account 
of its he ppening ſo very rarely; but what may be the 
natural Reaſon, or Cauſe of this, I ſhould be glad to- 
know, Cleonicus. : [aa 55m = 
Cleon. Tou will eafily perceive the Reaſon of it, when 
ou recolle& what I have ſaid concerning the Limits of 
ſolar and lunar Eclipſes, and eſpecially if, with that, we 
conſider the Smallneſs of Yenuss Diameter compared to 
that of the Sun, and the long Intervals between the 


Conjunctions of this Planet which produce a Tranſit; 


and, laſtly, the great Proportion which the Velocity of 
But 


to be more particular: You are to conſider, (I.) That if 


Fenus was to move in an Orbit in the Plane of the 


Fcliptic, 
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Feliptic, ſhe would then appear to paſs over: the Face of 
the Sun in every inferior Conjunction, which would be 
in the Space of one Year and 8 Months nearly. (2.) 
But the Orbit of Venus does really make an Angle with 
the Ecliptic of nearly three Degtees and a half, and there- 
fore the Orb of the Planet cannot poſſibly be ſeen. on 
the Sun, unleſs ſhe happens to be within a certain Di- 
ſtance of the Node at thoſe Conjunctions; and though 
the Inclination of the Planes of the Ecliptic and her 
Orbit be ſo ſmall, yet, on the Account of the Smallneſs 
of her Diameter, the ecliptic Limit on either Side the 
Node would be ſomewhat more than four Degrees, if 
| ſhe were to be viewed at thoſe Conjunctions from the 

Earth at reſt. (3.) But the Earth and Planet being both 
in Motion, and ſince Venus moves at the Rate of four 
Minutes in an Hour, and the Earth 2 28” per Hour, 
their Velocities will be in Proportion as 240 to 148, the 
Difference of which is 92“: And on this Account the 
angular Motion of Venus from the Ecliptic (as viewed 
from the Earth in Motion) will be increaſed in the Pro- 
portion of 240 to 92; and therefore will amount to near 
eight Degrees and a Half: Hence, as her viſible Path 
makes ſo great an Angle with the Ecliptic, the Limits 
of the Tranſit will be greatly contracted, or will not 
amount to more than one Degree and three Quarters, on 
each Side the Node, initead of 4 Degrees and Z, as before, 
From hence it will appear, that Venus and the Sun muſt 
be very near the Node at the inferior Conjunction, for 
any Tranſit to happen: And of Courſe, fince (Athly) 
the Intervals of theſe Conjunctions are fo great, the 
Chance of the Sun's being within the Tranſit-Limit 
when Venus comes round to the Node, is conſequently 
very great alſo; and therefore it will appear, upon all 
theſe Accounts, that Venus can be very ſeldom ſeen upon 
the Face of the Sun. But I ſhall take Occaſion to illu- 
ſtrate theſe Things, by a large Diagram, at another 
Opportunity. | | 4 ki theo 
Euphroſ. You will by that much oblige me, though 
I can very eafily apprehend the general Reaſon of all that 
Jou have now ſaid, from the aſtronomical Principles 
which I have heretofore received from your Inſtructions. 
hut now, Cleonicus, let me know what kind of 
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Uſes you intend to make of your Obſervation on the 


Tranſit. | + 5 
Cleon. As the Beginning of the Tranſit could not 


be obſerved in England, the great or general Deſign, viz, 


of making a proper Eſtimation of the Parallax of the 
Sun, could not be pretended to, this muſt be left to a 
Compariſon of many Obſervations that are made in very 
different and diſtant Places, where the Parallaxes of 
Longitude and Latitude favour that Deſign in the greateſt 
Degree; and this will be a Work of ſome Time. But 
when all the Obſervations that have been made here, with 
proper Degrees of Accuracy, are compared, the Poſition 
of Jenus's viſible Path upon the Sun will be nearly 
aſcertained: Alſo her viſible Latitude at the Conjunction, 
and Place of the Node, will be deducible from thence, 
which are Points of the utmoſt Confideration to be ſettled 
in the Theory of this Planet's Motion. I have prepared 
a Diagram that may ſerve to give you ſome Idea of what 
I mean relating to' theſe Subjects: That Part of the Sun 
on which the Planet appeared to us, let us ſuppoſe to be 
repreſented by HLIMN,* the Center of the Sun 8, 
MH a Part of the Ecliptic, and CD the true Path of 
the Planet as viewed from the Center of the Earth, 
parallel to which is the Line SK, making an Angle 
with the Ecliptic H SK of 8 Degrees and 28 Minutes, 


> 8 the Angle of Venus's apparent Motion, which ] juſt 


now mentioned unto you; and let APV repreſent the 


> Curve-line Path of Venus's viſible Motion on the Sun's 


Diſk. | 
Euphroſ. I ſhould be glad, Cleonicus, if you would 
tell me why the viſible Path is not a ſtrait Line, as well as 
the true Path CD. | 
Cleon. The Reaſon of that you will underſtand as ſoon 


as you conſider, that the Difference between the true 


and apparent Place of the Planet is occafioned by its 
Parallax, as I have formerly ſnewn you, and which Pa- 
rallax depreſſes the Planet below its true Place, and more 
ſo in Proportion as the Planet is farther from the Zenith, 


or nearer to the Horizon; and conſequently when the 
| Planet 
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Planet appeared in the Horizon at A at Sun-riling, it was 
then depreſſed below the true Path at C by the whole 

antity af the horizontal Parallax, which is more than 
40%: But as the Planet advanced on the ſolar Diſk, and 
the Sun grew higher above the Horizon, the Quantity 
of the Parallax in Altitude did conſtantly decreaſe, and 
therefare the Planet's: apparent Diſtance from its true 
Path muſt be always decreaſing likewiſe as it paſſes from 
A to D, and that in ſuch a Manner as to occaſion the 


viſible Path to be in ſome Degree a Curve-line; ſo that 
when it came to touch the Sun's Limb internally at (a] 


when the Diſtance of the Sun from the Zenith was about 
a1?, then the Parallax in Altitude was but about 30”, 
and therefore the Apparent. Diſtance from the true Path 
at the Egreſs was more than one fourth Part leſs than at 
$un-rifing. i OIy-.50 | + To. = 
Eupbroſ. You have ſatisfied me in this Particular; 
and I think in your Diagram the Planet makes the very 
ſame Appearance as ſhe did on the real Diſk of the Sun. 
Cleon. It is drawn pretty nearly in the ſame Proportion 
as you then ſaw it on the paſte-board Screen; you obſerve, 
the Planet is here placed ſo as to touch the Sun's Limb 
internally and Externally at (a) and (o). | 
Euphroſ. This, I preſume, I can conjecture the Rea- 
ſon of; for I well remember, you were often ſpeaking 
about the Method of determining the Poſition of Venus's 
Orbit, from an Obſervation of the Time in which ſhe 
paſſed from (a) to (c), or the Time of the entire Egreſs 
or Emerſion from the ſolar Diſk. 17 6 
Cleon. It is true, my Euphroſyne, this was what in- 
duced me to be more than uſually curious, and anxious in 
nicely obſerving the Moment of Time for each of the 
two Contacts; becauſe that Time, if it could be accu- 
rately defined, would give the Length of the Space or 
Line (ac), then if we draw the Line S @ and Sc there 
will be formed an oblique Triangle a S c, in which all 
the three Sides are known, ſuppoſing the Diameter of 
the Sun and Planet to be exactly determined by a Micro- 
meter, If then we continue the Line ca to F, where it 


meets the Perpendicular 8 F, from the Sun's Center, the 


Diſtance of the Point F from @ and c will be known, 
ſrom Principles of plain Trigonomctry, therefore allo 
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the Diſtance of FI, which is juſt half then Length. of | 
the Chord, or parallatie Path of Venus upon the Sun: 
Hence, therefore, the 'Fime of deſcribing! that Chord 
would be known; alſo from hence: the Viſible Gonjunction 
SP will be likewiſe- known, and: alſögtke Pdint of the 
Ecliptie to which the Line BF tends; or Place of the 
Node will likewiſe become knowiu ? And when, from 
Obſervations made abroad, it ſhall be knowu what the 
true Quantity of Venus s horizontal Parallaxiiss then EF 
will be alſo known, which is the Differende of the true 
Path from the viſible One, and therefore its Poſiticn 
1 will be known alſo. ut it muſt be confeſſed, that 
ig Matters of ſuch great Nieety and Importance ought not 
1 to be truſted to, or made to depend upon one ſingle 
Obſervation, but ought to be deduced from all that are 
made of the Planet while it was ſeen on the Diſk, but 
principally thoſe which relate to the Time of the Egreſs, 
and the perpendicular Diſtance of the Planet from the 
Limb of the Sun, at different Inſtants of Time, during 
the Tranſit. Therefore, at preſent, we muſt be 
ſatisfie@ to have only a general Notion of theſe: Matters, 
and muſt poſtpone the farther Conſideration of them to 
a ſuture Opportunity, that may furniſh us with freſh 
Materials for proſecuting this Subject in a more extenſive 
Degree. | ene . 
* Enphroj. But what is your Opinion, Cleonicus, con- 
cerning a Satellite's attending this Planet, which has been 
of late ſo much the Subject of Converſation, and which 
ſome of the Gentlemen preſent apprehended they ſaw on 
the ſolar Ditk ? e arm 2 | 
Clean. A Man's Opinion in ſuch Caſes avails little ot 
nothing; but this I know, that what the Gentlemen 
took for 4 Satellite in the Sun was only a ſolar Spot, and 
it is certain that what was publiſhed in the common 
News- papers was the ſame Kind of Miſtake for the Satcl- 
lite having a ſimilar Appearance with that of the Planct, 
Biz. perfectly black and circular, and withal ſo large as to 
equal the fourth Part of the Planet's Diameter, mult 
neceſſar ly have been very eaſily ſeen on the Sun's Dif, 
4 had any ſuch Thing been there; and farther, as the 
N | Diſtance of this Satcllite is ſuppoſed not to exceed 50 Se- 
if mi-diameters of its Primary, it is very certain, as oor 
Hy een 
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been obſerved to move in a Circle directly before the Eye, 
it muſt neceſſarily have been obſerved on the Face of the 
Sun, unleſs it happened to be in the lower or ſouthern 
Part of its Orbit. From the Accounts of Mr. Caſ- 
ni, Mr. Short, and now of theſe French Philoſophers, 
it is very certain there' is. ſomething that mult have ap- 
cared about the Planet in their Teleſcopes ; but whether 


it be a Satellite of the ſame Nature and Kind with thoſe. 


which belong to the Earth, Fupiter, and Saturn, is a 
very great Queſtion, becauſe of the unuſual Poſition of 
its Orbit, and of its very ſeldom and precarious Appear- 
ance, Were it only an opake Body, like another com- 
mon Satellite, it would, like them, appear at all Times 
in a uniform Manner, more or lef; enlightened, but ge- 
nerally in the Form of a Creſcent, like the primary Pla- 
net itſelf ; and as Venus is ſo near to the Earth, at her 
inferior Conjunctions eſpecially, it would be impoſſible 


not to have a frequent View of a common Satellite that 


attended her. You muſt, therefore, in regard to 
this Phenomenon, wait for farther Information to ariſe 
from repeated and accurate Obſervations, and, according 
to thoſe which have been already made, the Time for 
ſettling the Theory of this Satellite ſeems not to be very 
near: But if ever it comes to paſs, it will conduce not 
a little to the Advancement of Aſtronomy and natural 
Philoſophy; for, in the ficſt Place, the Aſtronomy of the 
decondary Planets will then receive its laſt Perfection, 
for no Satellite is ever to be expected about Mars or Mer- 
cury. And, Secondly, the Power of Gravity in the Pla- 
net Venus can then be known and compared with that in 
the Sun, Saturn, Fupiter, and the Earth; for the Quan- 
tities of Matter in any two Planets are in a certain Ratio 
of the periodical Times and Diſtances of the Satellites 
which revolve about them, and conſequently the Forces 
of Gravity which are proportioned thereto; and that 
this Planet, in her lower Conjunction, approaches ſq 
near the Earth, her Force of Gravity and its Influence 
on the Motions of the Earth and Moon may be looked 
upon as not very inconſiderable, and conſequently the 


Share it has with the perturbating Forces of the other 


Planets and Comets, introducing Irregularitizs in the 


Motions of the Earth and the Moon, may then be 
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eſtimated, and conſequently the Theory of theſe Planets 
(the matt” conſiderable in the Syſtem) will be thereby 
greatly improved. 

Euphroſ. Since ſuch great Events depend on a Diſ- 
cCovery of a Satellite about Venus, it is nat to be feared, 
I ſu poſe, that the Vigilance of Aſtronomers will one 

Day or other put that Matter out of all Doubt, and 
ſariaty Poſterity whether it be a real Satellite, or a mere 
Tenus Fatuus that now a'tuſes them and perplexes their 

Curioſity. But what is this Preparation, or Apparatus 
of Globes, Orreries, and other Things which I ſee here 
upon the Table? _ 

Chon, Theſe, my Eupbroſyne, are intended to enter- 
tain you with an artificial Traſit, and not only that, but 
lik-wiſe to explain, at the ſame Time, the Rationale of 
ſo. curious a Phznomenon as far as I can do it by In- 
ſtruments. It is a great Satisfaction and Pleaſure 

which the real Tranſit has afforded fo many thouſand 

| Virtuoſf, „but, I think, that is not enough for you; for 
it has ever deen my chiefeſt Care to enliven your Ideas 
with the Rationale of them, and then you have the 
higheſt, Entertainment that the Nature of Things afford, 
You here obſerve three Inftruments placed on a 
Right- line, by each other, on the Table; that in the 
Midule, you will recollect, is the artificial horological 
Globe which I made uſe of to explain the Nature and 
Reaſon of Eclipfes. 
: Eupbreſ. 1 ſee it is the very ſame Globe ; but the 
Apparatus is not the ſame as ycu then made uſe of. 

Clean, t was neceſſary here to make an Alteration in 
that Ref] pect; for now this Globe is be connected with the 
Orrery, which you ſee on the right-hand Side, and with 
11 the Tranſit Inſtrument on the Left. 

3 1 Euphraſ. But the Orrery is the fame which you for- 
1 merly uſcd in explaining to me the ſolar Syſtem, at leaſt, 
ſo far as I can perceive. 

Cleon. There is one material LEE, my Euphroſyne, 
in the Structure of thoſe Orreries ; that which I then 
uſed, moved with Clock-work; this, which you here ſee, 
18 put in M-tion only with a Winch, when uſed by itſelf, 
by which Means it is eaſily connected with, and put in 
Motion by the Globe, by Means of that String which 


you ſee go round the Pulley, 
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Euphroſ. The ſame String, or ſilken Cord, I obſerve 
oes on the other Side to the Tranſit Inftrument, as you 
call it, which, as it conſiſts of a Board with a black 
Ground and a large filvered circular Plate in the Middle, 
is, I ſuppoſe, intended to repreſent the Sun in the dark 
Field of View in the Teleſcope; I likewiſe ſee the ſilken 
Line go over that Part of the filvered Plate which Venus 
traverſed on the real Sun; and fo, I preſume, repreſents 
the viſible Path of Venus on the ſolar Diſk. But where 
is the Planet itſelf, Cleonicus? 


Cleon. That you will fee by-and-by :— You will, 


firſt take Notice that, in general, the Motion of the 
Earth will neceſſarily give Motion to the Orrery on one 
Hand, and to the Line over the artificial Sun on the other; 
and that, by. this Means, the Planet Venus will appear in 
the periodical Revolutions about the Sun on one Side, 
and exhibit the natural Cauſe of her retrograde Motion 
and Conjunction with the Sun, in the Orrery, at the 
ſame Time that ſhe is ſeen to paſs over the ſolar Diſk, in 
the Tranſit Inſtrument on the other Side. — And, laſtly, 


the Motion of the Earth, the relative Poſitions of its In- 


habitants, and the ſeveral Moments of Time for the 
reſpective Phaſes and Circumſtances of the Tranſit, are 
all ſhewn by the Globe. 

Euphroſ. But if you intend I ſhould have a clear and 
diſtinct Idea of the complex Effect of this Apparatus, 
you muſt be particular in explaining what I am to ſee, 


and have a direct Regard to, in each particular Part of it. 


Cleon. This I will do: And, firit, with reſpect to 
the Orrery, I will place all the Planets in ſuch Parts of 
the Ecliptic, as they appeared in on the firſt Day of 
Fanuary, or the Beginning of the preſent Year, and, 
when the Machinery is in Motion, you will have a par- 
ticular Regard to the Motions and Poſition of Venus 
and the Earth; and, on the 6th of June on the Plate 
of the Orrery, the Planet will come exactly between the 
Earth and the Sun, and from thence the Manner how the 
real Tranſit is occaſioned will be eaſily conceived, 


Euphroſ. That I ſhall attend to; but what am I to 
obſerve in the Earth? 


Cleon. The following Things; (1.) In order to adjuſt 
the Earth to its proper Poſition for that Time, I bring 
e N | the 
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the Index, at one End, to point to the 6th of June, 


which will bring the North-pcle of the Earth to its pro- 


per Situation in the enlightened Hemiſphere. - (2.) As the 
Sun is then over the: middle Point of that Hemiſphere, I 
turn the Globe till the Meridian of London paſſes through 
the Sun in that Point, and there holding it faſt, I turn 
the Dial plate till the other End of the Index points to 
XII at Noon. (3.) Then T revolve the Globe backward, 
*till the Index points to about a Quarter after Il in the 
Morning, which was nearly the Time of the Beginning 
of the Frankie, at London. (4.) Then the Iſland of 
Great=Britain, and all other Places have their reſpective 
Situations for. that Phaſe of the Tranſit. 

Euphroſ. I ſuppoſe you mean that any particular 


Place, as it is ſituate in the light, or dark Hemiſphere, 


will be able to view, or not to view the Beginning of 
the Tranſit. Thus, for Inſtance, London appears at 
that Time far within the darkened Surface of the Globe, 
and St. Helena ſtill more remote from the Circle of Illu- 
mination, whilſt, on the other Hand, I fee Bencoolen in 
Sumatra, and all the Eaſtern Part of the Globe, in the 
illumined Hemiſphere, viewing the Planet entering the 
folar Diſk, in various Altitudes above the Horizon. 
Cleon. If now, in the laſt Place, you caſt your Eye 


on the black Ground of the upright Board, you may ob- 


ſerve, on the Left-hand Side of the ſilvered Sun, a large 
black round Patch juſt ready to enter, and ſhewi itſelf on 
the Limb of the Solar Orb. | | 5 8 
Euphroſ. Ves; I fee it now you direct my Eye; but 
before it was ſo much of the Colour of the Board, or 
rather no Colour at all, that I did not perceive it at this 
Diſtance. By the braſs Screws on the Side of the 


Board, I ſuppoſe you can adjuſt the Path of Venus to 


any Part of the Sun, or fo as to cut the Ecliptic in any 
given Point, as the Poſition of the Nodes require; and 
the Limb of the Sun being divided into Degrees, the 


Quantity of the Arch at the Ingreſs and Egreſs of the 


Planet from the Ecliptic Diameter of the Sun is eaſily 
repreſented. | 4 . 

Cleon. You ſeem now to have a juſt Apprehenſion af 
the Uſes and Deſigns of the ſeveral Parts; it remains, 
therefore, now ta put the Whole in Motion, Which, as 


15 


> we 
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it is very flow, will afford you an Opportunity of view=- 
ing very minutely all the Peculiarities of the Tranſit in 


each teparate Machine, ———1 wind up the Spring, and 


now obſerve the diurnal Motion of the Earth. the 
planetary Motions about the Sun,. and the artificial 
Planet or Patch juſt entering the eaſtern; Limb of his 
Diſk. 3 7 | 81411 
Euphroſ. The ſeveral Phænomena you mention in the 
reſpective Machines are now very obvious: In the 
Orrery,” I fee all the Planets moving in their proper 
Orbits from the Beginning of the Vear; and though 
the Earth he at that Time before the Planet Venus, yet, 
as that Planet follows with a quicker Motion, ſhe is 
every Moment advancing nearer and nearer to a Conjunc- 
tion; *till at Length I perceive them both in a right Line 
with the Sun. on the 6th Day of une, on which Account, 
as ſhe is then ſo near the Node, ſhe is there ſeen to paſs 
over the Face of the Sun; and as ſhe is then deſcribing 
that Part of her Orbit between the Earth and the Sun, 
ſhe muſt neceſſarily appear to have a retrograde Motion, 
and enter the Sun's Diſk on the eaſtern Side, as, I well 
remember, you ſhewed me in a former Leſſon on theſe 
Subjects: all which gives me a clear Idea of the aſtro- 
nomical Rationale of this famous Tranſit . Then, 
with regard to the Zarth, I perceive it moving with a 
diurnal Motion analogous to that of the real Earth. 
At the Beginning of this: Motion, the Index points to 


II o'Clock in the Morning, and the Iſland of Great-Bri- 


tain then is in the darkened Hemiſphere ; and I have the 
Satisfaction of ſeeing, in one View, how all the Parts 


of the Earth are ſituated in the enlightened and dark 


Hemiſpheres, which gives me a clear Idea of the Times 
in which the Beginning of the Tranſit will happen 
to all the Parts of the Earth where it will be viſible, 
and of all other Parts of the Globe where it will not 

de ſeen. : | 
Cleon. Here I muſt interrupt you for a Moment 
you remember that ſome Mathematicians were ſent abroad 
to obſerve the Tranlit in diſtant Parts of the World, their 
Deſtinations were originally to the Iſle of St. Helena, and 
to that of Sumatra the firit of which you obſerve near 
10 of ſouth Latitude, and about 6? 30 Weſt of the 
| EO Meridian 
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Meridian of London, and therefore far from the enlight- 
ened Hemiſphere at the Beginning of the Tranſit, inſo- 
much, that they only arrive to it juſt Time enough to 


' obſerve the End of the Tranſit in the Morning; nor had 


they any other View originally, in their Deputation to 
Se. Helena, than of viewing the End of the Tranſit near 
the Horizon, that they might have the greateſt Parallax 
of Altitude, which in that Caſe would be nearly equal 
to the horizontal Parallax of the Planet. But with 
Reſpect to the Ifle of Sumatra, or Bencoolen, the Deſign 
was there to obſerve the Times of the Beginning and End 
of the Franſit both, and conſequently the Duration of 
the Whole, in order to compare it with the real Time of 
Duration as obſerved from the Center of the Earth ; and 
for this Purpoſe, you ſee this Iſland is ſituated moſt 
2dvantageouſly in the enlightened Hemiſphere ; — but, by 
2 Paragraph in the late News-Papers, we underſtand this 
Deſign is fruſtrated; for, by that we learn, that 
thoſe who went out in the S$2a-hor/e for that Department, 
were obliged, by ill-fated Incidents, to put in at the 
Cape of Good Hope, whole Situation, as you fee on the 
Globe, at the Time of the Beginning of the Tranſit, is 
far within the darkened Hemiſphere ; and conſequently 
the molt intereſting and important Part of the Phænome- 
non, and which was their particular Buſineſs to obſerve, 
was wholly inviſible to them. For as the Cape of Good 
Hape has a greater South Latitude than St. Helena, and 
a leſs Diſtance from the enlightened Hemiſphere, the Pa- 
rallax both of Altitude and Longitude will be much leſs 
there, and conſequently the Obſervations made at the 
Cape will be of much leſs Conſequence than thoſe at 
St. Helena, and therefore anſwer no Purpoſe at all: So 
that the Share which England is to have in the Diſcovery 


_ of the Parallax of the Sun is not likely to be great, unleſs 


any of our Nation at the Factories in the Indies, for the 
Honour of their Country, or their own Curioſity, ſhould 
be excited to make their Obſervations at the Beginning 
and End of the Tranſit very nicely. 

Euphroſ. This will be a very ungrateful Piece of News 
to the curious Part of the Public, eſpecially to thoſe who 
could with to fee England as renowned for the Improve- 
ment of aſtronomical Science, as by the Succeſs of its 


Arms, 


he py 
7 OI: 
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Arms. By this Time I ſee the Britiſb Iſle is juſt 
upon entering the illumined Hemiſphere,-and the Index 
now points to about + after II: — But the Cape of Good 
Hope is ſtill in the Dark. And juſt now I perceive 
the artificial Planet, or Patch, juſt riſing above the Hori- 
zon, and fo far advanced on the Solar Diſk as it appeared 
to thoſe who had the Pleaſure of viewing that Part of the 
Phænomenon.— As the Motion of the Earth continues, 
the Parts of the Surface are ſucceſſively brought into, 
and carried out of the enlightened Hemiſphere, and 
England, am ongſt the reſt, gradually proceeds towards 
the middle Part of its diurnal Arch.—In the mean Time, 
the Planet regularly advances on the Sun's Diſk, 4— 
and is nearly in the Middle of her Path when the Index 
of the Globe points at VI. -The Cape now enters 
the Sun-beams, and obſerves the 'T'ranſit more than half 
over, while the Sun is not yet riſen to. Sf. Helena. 
The Earth keeps revolving uniformly upon its Axis, and, 
at length, brings St. Helena to enter the-enlightened He- 
miſphere, and ſoon after views the End of the Tranſit at 
a ſmall Altitude of the Sun above the Horizon. —1 
obſerve the artificial Planet to be now much about that 
Poſition of the Sun's Diſk as when I firſt ſaw it through 
the Teleſcope, viz. about ſeven o' Clock in the Morning 
of that memorable Day. 
Planet, I plainly ſee, is every Way ſimilar to that of the 


net and the Earth being perfectly correſpondent to each 
other, at length the Patch arrives at the weſtern Limb of 
the Sun, and ſhews the internal Contact of the Planet at 
the Time the Index points to a few Minutes after VIII 
in the Morning. And it is very curious now to ob- 
ſerve the artificial Egreſs, which ſeems in every Reſpect 
to bear a proper Reſemblance to that of the natural one. 
The artificial Tranſit is juſt now at an End, for the 


Sun. The Index of the Globe now points to nearly half 
an Hour after IX, ſo that I obſerve the Time of the Egreſs 
here is about eighteen Minutes, which is the ſame as was 
obſerved of the real one In the laſt Place, I ſee the 


ſphere at the Time of the total Egreſs, and alſo the rela- 
5 x tive 


The Motion here of the 
real Planet on the Sun's Diſk. The Motion of the Pla- 


Patch is now in external Contact with the Limb ef the 


Poſition which our Iſland had on the enlightened Hemi- 
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tive Situation of all other Places where that Phenomenon 
could be ſeen, And now, Cleonicus, I muſt acknow- 
ledge that you have, by this Means or Contrivance, con- 
veyed to my Mind as perfect a Knowledge of the geogra- 
phical and optical Principles of the Tranſit, as J could 
poſſibly have from any artificial Machinery, and, for your 
Care,and Trouble herein, ſhall ever think myſelf highly 
indebted. | | 

Cleon. It ever was, and will be my Study to repreſent 
the various Phænomena of Nature in ſuch a Manner as 
may moſt exactly correſpond with the Operations of Na- 
ture itſelf; and nothing will more felicitate my Succeſs 
than the Pleaſure and Inſtruction that may thence re- 
dound to one who is ſo dear to me as yourſelf, —— I fear 
I have, by this Time, proved tedious; but you will 
remember, it is upon a Subject that, like the ſecular 
Games, happens but once in an Age. 


: ry 


D1iALOGUE XIE 


Concerning the NATURE and Us E of BIN OCULAX 
TELESCOPES. 


Cleonicus. | 


UR laſt Converſation was a Digreſſion from our 

Speculations on the Nature and Uſe of optical Inftru- 
ments. But it happened very opportunely to a moſt ſigna 
Inſtance of the latter, as I then obſerved to.you. 
I ſhall now return to the former Subject, which I ſhall 
re-aſſume with the Conſideration of the Nature and Uje of 
Binocular Teleſcopes. We have already largely enough 
deſcanted on the common Conſtructions of this Inſtru- 
ment; but as the Binocular Teleſcope is of a different 
Form, and has a very peculiar Property, I thought it 
might be worth while to ſpeculate on the Nature of it for 
an Hour, A French Author, formerly, (P. Cherubin) 
had ſo high an Opinion of this Inſtrument, that he wrote 


a large Volume in Folio almoſt wholly upon the ___ 
| andz 
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and, indeed, ever ſince their firſt Invention, their Effects 
have been greatly admired by all who delight in Optics. 

Euphroſ. If I can judge from the Sound of the Word, 
this Inſtrument employs both the Eyes; and as I pre- 
ſume the Inſtruments you ſpeak of, are thoſe before us, 
they appear to me to be a double Teleſcape, one of the 
refracting, and the other of the reflecting Kind. 

Cleon. You obſerve very rightly in each Reſpect; the 
Binocular Teleſcope conſiſts only of the Glaſſes of two 
common Teleſcopes, properly adjuſted, to ſhew the ſame 
Object to both Eyes.——You will readily conceive the 
Deſign and Utility of this Conſtruction, by conſidering 
how great the Advantage of common Viſion by two 
Eyes, is, in Compariſon of that by one only: It hath 
been uſually made an Argument of a moſt obvious Pro- 
vidence, that Animals are in general furniſhed with two 
Eyes, that they might not be dark with the Loſs of one ; 
but we may add to this, the great Pleaſure and Perfection 
of viewing Objects with two Organs of Sight inſtead of 
one: Nor is this at all difficult to be experimented, as T 
make no Doubt you have oftentimes had the Curioſity 
to try. 4 | 

Frpbroſ I have many a Time tried that Experiment, 
and found the Difference very ſenſibly : 
View is not only more confined by ſhutting one Eye, 
but the Objects are leſs vivid and bright, and ſeem, as it 
were, diminiſhed and contracted to the View. | 

Cleon. It is all very true that you ſay; but it is very 
obſervable, that the Difference is nothing like ſo great to 
the naked Eye as by the Teleſcope, where, as we may 
lay, this very Difference is magnihed in Proportion with 
the Objects themſelves ; and this is that very wonderful 
Effect that I juſt now mentioned, and which ſo ſtrongly 
recommends this Inſtrument to all the Curious. | 

Euphroſ. But how are the two Telefcopes adapted to 
exhibit one Idea of the Object only : One would think, 
that, by two Teleſcopes, we ſhould have two different 
Views of the ſame Object ? | | 

Cleon. The natural Reaſon of this is the ſame as that 
by which an Object appears but one and the ſame to two 
naked Eyes, notwithſtanding there are two Images formed, 
one in the Bottom of each Eye, For by the wonderful 
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Diſpoſition of the nervous Syſtem, the two optic Nerves 
are united in the ſame Part of the Brain, where the Sen- 


ſations of each Image, or the Ideas which they occaſion, 


are united in one, and ſo preſent it to the common Sen- 


ſory of the Mind; and you will eaſily conceive that the 


Teleſcope, ſingle or double, does not multiply the Image, 
but magnifies it only. The Image in each Eye is ſtill the 
ſame, but only larger; and therefore two Teleſcopes only 
produce two larger Images to the Eyes, inſtead of two 
ſmall ones, and conſequently the Mind has ſtill the fing/: 
Idea of the Object, but enlarged. Sans | 
Eupbroſ. 1 preſume, this is pretty much a parallel 
Caſe with thoſe who uſe Spectacles ; for they, with two 
Glaſſes, ſee the Object enlarged, but ſingle at the ſame 
Time. | | | 

Clean. Your Compariſon will hold, provided the 


Spectacles you ſpeak of are diſpoſed as they ought to be, 


(but thoſe of the cGmmon Make are not,) viz. when the 
Axis of the Glaſſes are both directed to the Object that 


we view, and there interſect each other: And this is the 


Caſe of the two Teleſcopes which compoſe this Inſtru- 


ment, the Axis of each are fo directed, by adjuſting 


Screws, as to point to, and terminate in the Object we 


lock at; for, in that Caſe, each Teleſcope preſents the 


ſame View, enlarged, as we have in ſmall, by the naked 
Eye: Thus, two Teleſcopes, in that Reſpect, have the 
Effect of one, with this important Addition, that the 
Field of View in the Binocular Teleſcope, though really 
the ſame as in the ſingle one, is yet ſeemingly vaſtly en- 


larged, at a greater Diſtance, ſhewing the Objects more 


ſtrong, bright, and perfect, than they uſually appear; 
which is one of the molt agreeable and noble Deceptions 
that can be found in any optical Inſtrument, of which I 
ſhall now gratify you with an Experiment, having firſt 
obſerved to you, that while we look through the Inſtru- 
ment it is neceſſary to turn two Sets of Screws, to adjuſt 


it to the Eye, one which moves the Object-glaſſes, and 


the other the Eye-glafles, nearer to, or farther from each 
other, *till the Axes of each Teleſcope coincide with 
thoſe of the Eye and nicely meet in the Objet, —— 
In this Manner I have now adjuſted the Refracting 


Binocular, and now, if you take my Place, 'you on 
: ee 
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ſee yonder Houſe in the moſt agreeable View you ever 
beheld it. | 25 

Eupbroſ. I do, ſure enough. Al find every Thing 
juſt as you have deſcribed it With both my Eyes 
i ſee the Field of View, in Appearance, wonderfully 
enlarged : The Appearance of the Houſe more natural, 


eaſy, and vivid. But when I ſhut one Eye, then I 


ſee the very great Difference you ſpeak of, the Field, as 
it were, ſeems contracted as well as the Objects ; and 
every Thing has a poor and unpleaſant Aſpect in Com- 
pariſon of the former, ———To tell you the Truth, 
Cleonicus, you will, by this Experiment, put me out of 
Conceit with the common Teleſcopes. —T can 
ſcarcely think I ſhould reaſon well it I uſed a ſingle Tele- 
ſcope inſtead of a double one, any more than I ſhould, 
if I preferred viewing Objects with one Eye inſtead of 
two.—Pray, is the Effect nearly the ſame in the Binocu- 
lar Reflectors? 2 3 

Cleon. It is there in Proportion heightened, as they 
magnify more than the Refractors:— l have fitted them 
for your View :>— Look now at the ſame Object 
through them, | 


Euphroſ. Well, this is wonderful indeed — 1 may 


truly ſay I never knew what it was to view Objects thro? 
a Teleſcope before. I have ſeen them indeed magnified, 
and thought that was a wonderous Effect ; but I ſcarcely 
know how to expreſs the different Senfations which ariſe 
from a Proſpe& of the ſame Objects in this compounded 
View: Here is truly (je ne ſgay quoi) ſomething inex- 
preſfibly delicate, grand, and delightful in the Effect of 
this Inftrument Alt is amazing to me, that every Lady 
or Gentleman of Fortune and Curioſity has not one of 
theſe Binoculars in their Poſſeſſion, 

Clean. You might be in an eternal Amazement if ſuch 
Things were to excite it; the Caſe is fo far otherwiſe, 
that you ſeldom obſerve the Purchaſe of any Inſtruments 
is in Proportion to their Merit and Uſes: Things in com- 
mon Vogue, that give us no Trouble to W their 
Uſe, and which have been made Time immemorial, are 


moſtly the Subject of common Demand; few inquire 


after new, or more perfect Improvements. But yet, I 
cannot help wondering a little, with you, that there are 
Vol. II. T not 
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my Houſe, 


not more of thoſe curious Perſons than we find; ſo very 
few there are, that I never ſaw but one of thoſe Binocu- 
lar Reflectors, yet, in. any Gentleman's Collection of 
optical Inſtruments, and yet there is nothing in the Price 
that is ſo very extraordinary, or difficult in its Uſe, that 
might deter People from having them. Eſpecially as 


to the Refracting Binoculars, whoſe Expence and Uſe 


are both very reaſonable and eaſy. Of theſe there were 
no leſs than three or four of different and very curious 
Conſtruction in the Muſæum of his Grace the late Duke 
of Argyle. | 

Euphroſ. And was I a Ducheſs, I would have as many, 
and every Inſtrument of every Form and Conſtruction 
that could afford me any different Pleaſure and Inſtruc- 


tion; and I ſhould always look upon thoſe Inſtruments 


as the principal Furniture of the choiceſt Apartments of 
Cleon. There is yet another optical Inſtrument, which, 
at our next future Leiſure, I ſhall deſcribe to you, and 
though it has no magnifying Power for diſtant Objects, 
is not without a Variety of Uſes adapted to the Amule- 
ment of Ladies and Gentlemen, and with which, I dare 
ſay, you will be very well pleaſed. 


DIALOGUE XII. 


The DESCRIPT1ON and Us E of an OPT1CAL In- 
STRUMENT for meaſuring the ANGLE of VIS1ON, 
the apparent MacniTUDES, and DISTANCES 


of Objects; for viewing perſpective PRINTS, Pie- 


TURES, J[utaglhio's, Ec. 


Cleonicus. 
Shall now preſent you, my Euphroſyne, with a fmall 
1 optical Inſtrument that is not only deſigned for 
Amuſement, but many conſiderable Ules. 
_— It makes but a ſmall Appearance, *tis true; 
alue and Uſes of Things, in general, depend 
. very 
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Truth of all you ſay, 
1s of the ſame Bigneſs in the Inſtrument as to the naked 
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very little on their Bulk. Pray, wiat are the Peculiarities 
of this Inſtrument ? 11 hs 
Cleon. I ſhall relate them to you in Order, and ex- 
emplify them by Experiment : One Thing, however, I 
ſhall premiſe with reſpect to the Nature and Conſtruction 
thereof, as it is a Property quite peculiar to this Inſtru- 


ment, and that is this, viz. that it gives you u clear Vie 


of diſtant Objects, without magnifying them at all, and, at 


the ſame Time, it preſents you with a magnified View of Ob- 
jelts near at Hand, by a proper Change of Glaſſes. 


Euphroſ. Pray, what, and how many Glaſſes have you 
in this Inſtrument? | 5 535 

Cleon. There are eſſentially no more than two required, 
and thoſe both of the ſame Form, or Figure, and conſe- 
quently of the ſame focal Diſtance:— And, as to the 
Poſition, they are placed, as you ſee, one at each End 
of the Inſtrument, and from this Conſtruction you will 


eaſily underſtand the Nature of the Inſtrument, from 


what I have formerly ſaid of a Teleſcope with two 
Glaſſes; for in ſuch a one, you remember, I told you 
that the magnifying Power was in Proportion of the focal 
Diſtance of the Object-glaſs to the focal Diſtance of the 
Eye-glaſs. Now, in this Inſtrument one Glaſs is to be 


conſidered. as the Object-glaſs, by which an Image is 
formed; the other, as an Eye-glaſs, by which it is viewed; 


but ſince theſe Glaſſes have an equal focal Diſtance, the 
Image will be equally diſtant from either Glaſs, and 
conſequently there can be no magnifying Power at all 


with reſpect to diſtant Objects: For the Image will 


appear under the ſame Angle to one Eye applied to the 
Glaſs, as the Object does to the other naked Eye, and 
therefore they muſt appear equal, as you will find by 
Experiment. 5 

Euphroſ. Pray, let me try that Experiment. —1 
will place myſelf on this Side of the Room, and look on 
the Saſh-window on the other Side, and ſee how the 
Quarrels appear, in the Manner you formerly directed 
me by viewing it with one Eye applied to the Glaſs, and 
the other without it. And now I perceive the 
each Quarrel in the Window 


D 


Eye, and, by properly removing it, I make the whole 
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Frame in the Image exactly coincide with the Appearance 
of the Window itſelf to the naked Eye: Which, there- 
fore, fully proves that the Image and the Object are 
equal to each other. 1 5 

Cleon. You will farther obſerve, that in the Con- 
ſtruction of this Inſtrument there is a Screw and Cell 
in the middle Part, for another Glaſs; which is to be 
of the ſame focal Diſtance with the other Two, whoſe 
Uſe is to render the Field of View more perfect towards 
the extreme Part; by which Means the Eye may be 
applied nearer, and view the Object to much greater 
Advantage. You will ſatisfy yourſelf by the Ex- 
periment : For I have now put in the third Glaſs. 

Euphroſ. It is really fact: The Images of all Objects 
that I view, appear in an enlarged, and a much more 
perfect Field, even to the extreme Circumference ; this 
Glaſs is a great Addition to the Diſtinctneſs and Per- 
fection of the Inſtrument. ——— But it is ſomething 


of a Paradox to me, that a Glaſs, which, in itſelf, has 


ſo confiderable a magnifying Power, ſhould yet, when 
placed in the Inſtrument, appear to have no Effect of 
that Kind. | | 
Cleon. Optical Glaſtes, applied in different Circum- 
ftances, will have different Effects; it's Diſpoſition in 
the Middle of the Inſtrument gives it no Power of mag- 
nifying, but only of perfecting the Field of View. 
Eupbroſ. The Image I obferve is inverted ; but that, 
I preſume, is no Obſtruction to the Uſes you would 
make of this Inftrument : But, as it neither mag- 
nifies nor diminiſhes, I ſhall be glad to know wherein the 
Uſes of it conſiſt. | 
Cleon. That I ſhall now particularize to you. It is 


therefore to be obſerved, that ſince the Object and the 


Image appear under the ſame viſual Angle, that Angle 
may be eaſily eſtimated, or meaſured by this Inſtrument, 
by adapting a MicRomETER to the middle Part, where 
the Image is formed in the common Focus of both the 
Glaſſes, which Micrometer may be made of many different 
Forms, viz. (1.) With a Screw having very fine Threads, 
or (2.) by Means of parallel or equidift-nt Lines drawn 
on a circular Piece of plain Glaſs very near to each 


other; or, (3.) by two Hairs moving parallel to _ 


"> 
= 


TELL ” 8 , " — 2 
ET 1 * 18 r AK n 1 Yam 
kv . . SITE DD TINT Ns GE 3 * o 88 — 
OAT CE Ald? b lr 2 6 8 * PM PLE TESTER . n 
* N 7 8 i = L A b * . TAY e. x bo LILY * Os o 
— A N 9 Cf =. De 0 5 SN Tr F BITC of- he: 
- F 1 erh #4 r 1 3 x 1 TT 
1” . 8 * F 
\ . n 
G EQ > 


3 abr i ” 2 * p = \ - 
STE ee DO OO CY RR 


AND LADY PHILOSOPHY. 277 


other in a ſmall braſs Frame placed in the middle Part of 
the Inſtrument. 

Euphroſ. How, by Means of theſe Micrometers, you 
meaſure a viſual Angle, be pleaſed in the next Place to 
explain to me; for, as yet, I am not acquainted with 
theſe Inſtruments of Meaſure. 

Cleon, A MICROMETER is an Inftrument of great 
Ule in the nicer Computations of Aſtronomy, which 
concerns the Magnitudes and Diſtances of the heavenly 
Bodies : But, in the Uſe of this Inſtrument, great Ex- 
actneſs is not required; and therefore a Micrometer made 
of a Screw will anſwer this general Purpoſe as well as 
any, and will be more ſimple and leaſt expenſive of all 
others; and a Screw that has forty Threads in an Inch 
wil! be ſufficient for this Purpoſe. Then, if the focal 
Diſtance of the Glaſſes be one Inch, the Angle, which is 
iubtended by the Interval between two of thoſe Threads, 
will be 1 26, and two will ſubtend an Angle of 29 52”, 
and 3 Threads will ſubtend an Angle of 429 18', and fo 
on; the Angles and their Subtenſes being very nearly 
proportional, when very ſmall, and therefore, by obſerv- 
ing how many of thoſe Threads of the Screws the Image 
of any Object occupies, it will be known from thence 
what the Quantity of the optic Angle is under which it 
appears: And if a Screw has a greater Number of 
Threads to an Inch, as ſuppoſe 60 or 80, the Accuracy 
of the Inſtrument in meaſuring the optic Angle will be 
in ſuch Proportion greater, ——— But though this Uſe 
of the Inſtrument may the leaſt concern you, yet it may 
be oftentimes of great Importance to thoſe who are con- 
cerned in meaſuring the Angle under which diſtant Ob- 
jects appear, which are generally very ſmall, in order to 
form a Calculation, or an Idea of their Diſtance, by 
previouſly knowing the Dimenſions of the Object. 

Thus, for Inſtance, by knowing the Number of Feet 
in the Length of the Croſs on the Top of St. Paul's, 
and obſerving, by this Inſtrument, what Angle it 
lubtends to the Eye, a Perſon will immediately find, by 
the Rules of Triganometry, what Diſtance he is from 
ax Oe, | 

Euphroſ. This is an Affair of too mathematical a Na- 
ture for me; there are others, I preſume, more adapted to 
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my Underſtanding, which may afford me ſome Degree 
of Pleaſure and Curioſity. | DH 
Cleon. There are, moſt certainly; the next I ſhall 
mention is one of them, which is, that by Means of 
this Inſtrument we may eaſily judge of the comparative, 
or apparent Magnitude of Bodies: For when you would 
compare the apparent Magnitude of any two Objects, 
you only move the Inſtrument in ſuch a Manner, as ſhall 
bring the Image in each Object ſucceſſively upon the 
Threads of the Screw, and then obſerving how many of 
thoſe Threads are occupied by each. Thus, for Example, 
if the Image of one Object was equal to the Diſtance of 
two Threads of the Screw, and another meaſured three 
Threads; then their apparent Linear Dimenſions would 
be in Proportion as 2 to 3, and their Surfaces in Propor- 
tion to the Squares of thoſe Numbers, viz. 4 to q, and 
their Solidities as the Cubes, or as 8 to 27: And thus 
the comparative apparent Magnitude. of all diſtant Bodies 
may be eaſily eſtimated. | 
Euphroſo This, I allow, is a very pretty and inſtruc- 
tive Uſe of the Inſtrument, as nothing is more common 
than to hear People aſk, How large do ſuch or ſuch 
Objects appear? whereas, it is impoſſible - to give any 
Anſwer to ſuch Queſtions, without a Method of com- 
paring their Magnitude with that of ſome other Objects 
that we know; which, by what you have now ſaid, 
I find is very eaiy to be done by ſuch a Micrometer. 
Cleon. Another Uſe of this Inſtrument, equally 
curious and amuſing, is, to meaſure the Diſtance of any 
Object without any Skill in Geometry, or the leaſt Degree 
of Difficulty: Thus ſuppoſe you obſerve the apparent 
Image of any Object upon the Threads of the Screw, 
then, if you walk ſo far backward 'till the Image of the 
ſame Object occupies but half the Number of Threads, 
or if you go forward *till the ſaid Image meaſures twice 
the Number as at firſt, in either Caſe you walk juſt ſo 
far as is equal to the Diſtance of the Object from your 
firſt Station; for you well know, the apparent Magnitude 
of Bodies increaſe or decreaſe very nearly with their. Di- 
ſtances inverſely, or, that at twice the Diſtance, they ap- 
pear twice as ſmall; and, at half the Diſtance, they ap- 
pear twice as large. | . 
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| Euphroſ. I believe I pretty nearly comprehend your 
Meaning: For, ſuppoſe I was on the Bank of a River, 
and I took, with this Inſtrument, the apparent Magni- 
tude of the Body of a Tree on the other Side, and then 
retreat from the River, ſo far, *till I obſerve the Image 
of the Tree occupy but one Half the Number of Threads 
as before ; then the Diſtance I have gone back from the 
Bank will be juſt equal to the Width of the River, which 
by this eaſy Experiment becomes known. 

Cleon. That is juſt the Thing that I mean; and, in 
like Manner, you may apply it to meaſure the Diſtance 
of many other inacceſſible Objects. Again, another 
Uſe of this Inſtrument is to view the Height of an Ob- 
ject, when you know the Diitance from it: For, by 
knowing the Number of Threads in the Screw which 
go to an Inch, you, by that Means, know the Proportion 

of the Image of any Object to the focal Length of the 
Glaſs; and this is the very ſame as that of the Height 
of the Object to the Diitance you are from it; and 
therefore you may only ſay, as the Number of Threads 
contained in the focal Length of the Glaſs is to the 
Number of Threads which meaſure the Image, ſo is 
the Diſtance of the Object to the Height of it; which 
therefore becomes known without any farther Trouble. 

Euphroſ, This Application of the Inſtrument appears 
not the leaſt conſiderable, to thoſe who underſtand the 
Rule of Three. But you were mentioning ſome other 
Uſes which would be ſtill more intereſting than theſe, 
v1z, ſuch as relate to viewing Prints, Pictures, &c. 

Cleon. Theſe Uſes require a Change of Glaſſes in the 
Inſtrument; for as one principal Deſign hereof is to 
view diſtant and perſpective Prints, one of the equal 
Glaſſes at the End muſt be chang'd, for another whoſe 
focal Diſtance is longer; for then that will add a magni- 
tying Power to the Inſtrument: but this is upon Sup- 
poſition, that the Print or Picture that you view, is at 
a Diſtance from you, and in itſelf not very large, or 
greater than the uſual Size of Family Pictures, 
But if the Picture, or Print, be in itfelf very large, and. 
near at Hand, as, for Inſtance, upon the Table before 
you, then will the Inſtrument, without any Change of 
Glaſſes, do; for in this Caſe a magnifying Power is not 
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required, the Image filling the whole Field of View, 
without it; and, >; ndeed, "that is the only Rule to de 
obſerved in all Caſes whatſoever, that ſuch a Glaſs be 
applied as will cauſe the Image of the Object to appear 
as large as the Field of View will admit of, and then the 
beautiful Effects of the Inſtrument will appear, viz. a 
moſt natural and fine Relievo of all the Parts: This will 
be better ſeen by Experiment, than expreſſed by Words. 
Here, view the perſpective Print before you on tho 
Table, without changi ag the Glaſſes. 

Euphroſ. It is a . View of St. Paul's Cathedral, 
I ſee at once: The auguſt Pile riſes to the View, nad 
its majeſtic Dome and Croſs appear ſublime in the Air: 
The Pillars all in proper Arrangement and Diſtance, 
and the whole Architecture appears in the natural and 
glorious Conſtruction of the Weſt Front: The e a 
Area, or Court before, appears expanded and in the fame 
natural Perſpectiye as if ] was viewing it from the adja- 
cent Corner-ſhop in Ludgate-fureet.— The Pedeſtals are 
all erect, and her Majeſty, with the other emblematical 
Statues, appear as natural and vivid as on the Spot. — 
Upon the Whole, I think this a ſufficient Proof of the 
excellent Uſe of this Inſtrument in viewing perſpective 
Prints. 

Cleon. But you will be eaſily convinced that the ſame 
5 will not ſuffice for viewing Prints hanging at the 

ſite Side of the Room, as the Image will be there 

— ſmall for all its Parts to appear diſtinctly: For your 

Satisfaction, I will place the ſame View of St. Paul's, 

with a good Light, at that Diſtance, and then 46x may 
view it with the ſame Glaſs. 

Euphreſ. J do as you inſtruct me; —I view it, indeed, 
but not with the ſame Satisfaction as before : It is in 
Perſpective, I confeſs, but the Appearance fo diminutive 
and indiftin, as convinces me, that ſome Degree of 
magnifying is now neceſſary. 

Cleon. I will change the Glaſſes, and apply one proper 
for the Purpoſe, and then you will obſerve the ſame 
Effect nearly as before. 

Euphreſ. It is very true; the ſumptuous Pile has now 
the ſame Appearance of Grandeur as to the naked Eye.— 
But now let me view a Landſcape, or ſome ſuch large 
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Cleon. T will go and invert two or three for this Pur- 
poſe, without letting you know what they are *till you 


view them. —— There is one now ready, can you tell 
me what Part of England you fee ? 
Euphraſ. Yes, that I can without Heſitation :S——1 


mutt neceſſarily confider myſelf as on the Summit of 
Richmond Hill, and there ſurveying the beautiful Scenes 
of the diſtant Country and. Villa's all below: The 
pe ſpective Diminution and tortuous Irregularity of the 
noble Stream; the Foreſt, Fields, and Lawns, all 


attract the wondering Eye: But what a Change 


have you ſuddenly made, from ſo delightful a Scene to 
one fo ſhocking to human Nature | —— Cathedrals, 
Palaces, and the moſt beautiful Ranges of Houſes, all in 
12 confiſed and ruinous View | Methinks | ſee a 
Ci all in Commotion, and falling by the tremendous 
Shocks of an Earthquake! This, therefore, I am ſatis- 
hed, is a View of the terrible State in which Liſbon has 
Jatciy, and often appeared, from its moſt inauſpicious 
Situation,———The Scene is again moſt wonderfully 


changed ; the River of a fine and flouriſhing City now 
regales my View; and the glorious Appearance of a 


S 


Bridge, conſtructed with one Arch, makes me fancy my- 
felf at Venice viewing the Rialto, ſo famed throughout the 
World. Theſe Inſtances of perſpectiye Views are 
ſufficient, Let me next ſee what is the Effect in viewing 
Portraits and family Pictures. | | 1 
Cleon. I muſt take one down, and put it in an inverted 


Poſition, for the Reaſons I have heretofore mentioned: 


It ſhall be that venerable old Face of your Grandfather, 
of which you have often expreſſed ſo high a Value; for, 
by this Inſtrument, you will ſee how properly, and with 
how much Reaſon you do it : Take a View of it. 
Euphreſ. Upon my Word, it almoſt reinſtates him in 
Life. The Face, as it were, ſtarts from the Can- 
vas, and the poor old Gentleman ſeems to regard me 
with ſo natural a Smile, as if he knew me in the near 


e . 
o * 


Relation, ———hkis Eyes ſeems lively and percipient, — 
they ſink very naturally under his Brow, ———his Noſe 
properly projects from the Face: in ſhort, his whole 
Mien, or Countenance, is ſuch as plainly beſpeaks him 
a Man of that Sedateneſs and contemplative Diſpoſition 
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for which he was ſo remarkable when living.——}B 
theſe Experiments, I am ſatisfied how uſeful this little 
Inſtrument is for this Kind of Views. —W hat other 
Uſes yet remain? | | | 
Clean. Several: One of which will not a little delight 
vou, I am well aſſured, For now, if to the two equal 
Glaſſes I add a third of the ſame focal Diſtance with 
them, and the Intervals of the Glaſſes be reſpectively 
equal to twice their focal Diſtances, then is it fitted for 
viewing, in a peculiar Manner, all Intaglios, or deep 
cut Figures in precious Stones, Seals, &c. for then they 
appear juſt contrary to what they are; viz, as Camed's, 
or with a Baſs Reliefe, as you will eaſily obſerve by 
viewing the Head excavated in this Seal. 

Eupbroſ. This is ſomething very odd, indeed; that 
the Head, which I know to conſiſt of a hollow Cavity in 
the Seal, ſhould now appear with ſo perfect a Relizvs 
above it; I ſee every Part of the Head, Hair, Face, and 
whole Buſt, juſt as plain as the Cameo, or Impreſſion on 
the Wax: And from the Picture and Buſt, which I 
have often ſeen of Sir Iſaac Newton, I gueſs this to be a 
Repreſentation, in Miniature, of that celebrated Per- 
ſonage. 

Cleon. It is, indeed, that venerable Man. But 
the Excellency of the Inſtrument, in this Reſpect, con- 
fiſts not ſo much in the Converſion of a Figure, as to 
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| 5 enable you to examine the Perfection of Work of this 

7-8 Kind; for the Glaſs will, much beiter than the Wax, 

7.8 ſhew you the Care and Skill of the Artiſt in the Execu- 
1358 tion: Nor can you, any other Way, be fo thoroughly 
I I ſatisfied of the Value of his Performance, or the Eſti- 
14] mation which it really deſerves. Theſe Glaſſes, there- 
we tt! fore, are of the utmoſt Service to Engravers, Jewellers, 
1 Sc. as well as to Ladies and Gentlemen of Curioſity and 
1 Fortune. 
1 Eupbroſ. But before we drop this Subject of Intaglios, 
28.3] I ſhall be glad to be informed of the Reaſon of to odd, or 
"7 \'Þ rather contrary Appearance of the Object. | 
1 Cleon. This is one of the moſt celebrated optical Para- 
f 1 doxes, and is equally curious and inexplicable; there is 
1 ſcarce any Thing in the optical Science ſo directly con- 
1 { [4 trary to the known Laws of Optics as this very Phæno- 
1 ö 5 ; -. menon : 
Wo. 
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menon : For it is moſt gettin that the Image formed 
of the hollow Object is ſtill a deeper Cavity than the 
Object itſelf, and 5 one would naturally expect 
to ſee the Intaglio Concave in a higher Degree ; whereas, 
on the contrary, it is ſo much more a Cameo, or the 
Relievo in Proportion higher. In Perſpective, a 
Semicircle, being drawn on a proper Ground, may be 
made to appear as a convex or concave Hemiſphere, at 
Pleaſure, by a proper Claroſcuro, or Diſpoſition of Light 
and Shade; but here, without any Affiſtance of A a 
more wonderful Effect of the ſame Kind is produced; not 
a plain Circle, but a concave Hemiſphere is in any Sort 
of Light raiſed into a perfect convex one. The true 
phyſical Reaſon is as yet dubious among the learned in 
Optics, and it would prove an unentertaining Diſqui- 
ſition to trouble you with-it at this Time. 

Euphroſ. Are there any farther Uſes to which this In- 
ſtrument may be applied? 

Cleon. Yes, of very conſiderable Importance ; - no In- 
ſtrument being better adapted for ſhewing, to the greateſt 
Advantage, all Kinds of Foſſils, Minerals, Ores, Earths, 
Sc. either with a Magnifier that is now on, or others 
that might be placed in its Room ;—See the Ore which I 


have now placed under the Glaſs. 


Euphroſ. I do, indeed, view a fine beſpangled Surface 
of ſomething ; but had you not ſaid it had been an Ore, 
I ſhould not have known what it had been: I ſee 
the metalline Particles curioully interſperſed, and incor- 
porated with the ſtony Matter of the Ore.—— — I could 
not have thought the Metal had been ſo diſtinctly viſible 
in its natural State as I now perceive it to be. By 
the Colour I gueſs it to be Silver, as it appears not in the 
leaſt diſguiſed in the Stone : But what gratifies my 
Eyes in the higheſt Degree is, to obſerve the moſt curious 
Vegetation of the metallic Matter, it evidently ſhoots 
into various Sprigs and F orms, in many Places like a 
Kind of Ramification ; and, in others, the Repreſenta- 
tion of a beautiful Foliage. Surely, Cleonicus, this is 
a very rich Piece of Ore, as I fee it ſo very replete with 
ſilver Particles, over all the Surface expoſed to View. 

Cleon. It is ſo rich, my Euphreſyne, that one Pound of 
this Ore contains near four Ounces of Silver, But 
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now I will place under the Glaſs another Sort of Ore,— 


ſee, if you can tell me what it is. 
Euphroſ. By the fine Appearance it makes, of a rich 
gold Colour, I judge it to be a Piece of gold Ore. 
Cleon. I thought you would be miſtaken, on that Ac- 
count; and you ſee, from thence, how eaſy it is to be 
deceived by Appearances : The Ore which you 
now view is not Gold, but Copper Ore; and what you 


ſee in ſuch brilliant golden Colours is neither Gold nor- 


Copper, but what the Miners call Mundick, a Matter of 
little Value in itſelf, and only remarkable for its e 
Mimickry of Gold. In like Manner you may, at 
our Leiſure, view all other Species of Ores and terre- 
ſtrial Subſtances, which will afford you a molt inſtructive 
Amuſement. 
Euphroſ. 
tunity for that Purpoſe. 


Inſtrument? 
Cleon. By ſcrewing on another Glaſs at the Bottom, 


in the Room of that which is now there, it is converted 
into a common Microſcope for viewing any Sort of ſmall 
Objects; but, as this will afford you nothing new, it 
need not be farther inſiſted upon. You will obſerve, 
upon the Whole, that this one Inſtrument is capable of 
being applied to almoſt all optical Purpoſes : I have 


What is the next Uſe of this 


placed it on a proper Foot, or Stand, by which it may 
be very readily applied to any propoſed Object, and, as 


ſuch, ſhall deſire your Acceptance of it. There remains 
et one Inſtrument more, that ſhall be the Subject of our 


next Diſcourſe * 


— 


— 


The Inſtrument here deſcribed, is now made with conſi- 
derable Improvements, under the Title of the Graphical Pxx- 
SPECTIVE and Micxos cop, for delineating all Objects in 
true Per ſpectis ve and juſt Proportion of their Par ts. 
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DIALOGU E- XIV. 


The ConSTRUCTION and UsE of the Lan 
TERNA MAGALOGRAPHICA, vulgarly called, 
The MAGIC LANTHORN. 


Eupbroſſne. 1 

RAY, Cleonicus, what Compliment do you intend 

to make me by this Inſtrument, which I fee is a 
Magic Lanthorn, whoſe principal Uſe, as I underſtand, 
is to divert Children with the Appearance of ludicrous 
Objects ? | 
Cleon. The Compliment I ſhall make you is no other 
than the Knowledge of the Conſtruction, and proper 
Uſes that might be made, of a noble optical Inſtrument, 
whoſe Nature and Ufe have been but little confidered, 
and thoſe applied to ſerve the loweſt Purpoſes, by which 
Means this Inſtrument has been brought into Diſgrace, 
and acquired the vile Name of Magic Lantborn. But 
the Abuſe of Things, by the Ignorant, does not alter 
their Nature; and becauſe this Inſtrument is capable of 
exhibiting a large and ſurprizing View of any odd, ridi- 


culous, or monſtrous tranſparent Picture, and thereby 


occaſion Wonder and Surprize to an inconſiderate Popu- 
lace, it does not by any Means follow that Ladies and 


Gentlemen, nay Scholars, and Sages themſelves may not 


be very rationally amuſed with the curious and noble: 


Effects which ſuch an Inftrument can produce with pro- 
per Objects applied to it. A precious Stone is not of 
leſs Value for being worn on the Finger of a Show-man, 
and there is nothing in the Magic Lanthorn that is ſcan- 


dalous, but the Name itſelf ; ſo deſire you will not think 


yourſelf affronted by having this Inſtrument ſet before 
you, 
Euphiroſ. J only joke with you, Cleonicus, as I know 
the Reputation this Inſtrument is in: But, pray, 
how comes it to be called the Mugic Lanthorn ? 

Clean. From the wonderful Effects which it was ob- 


ſerved to produce, by the ſtupid and ſuperſtitious Part of 


Mankind, and the Villany of Cheats and Impoſtors. For, 
| on 
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on the firſt Invention of this and ſuch like Inſtruments, 
it was well known how the Minds of ignorant People 
would be influenced by ſuch amazing Effects; and as it 
Was eaſy to conceal the Cauſe, the Conjuror had it, by 
this Means, in his Power to work Miracles, and mul- 
tiply the Experiments of his Magic Art; and it is not to 
be doubted, the Tribe of Miracle-Mongers found their 
Cauſe of Impoſture to be as much promoted, by this 
Inftrument, among their credulous V otaries, as by any 
one Inftrument that ever fell into their Hands 
But after all, nothing more has been done with the Ma- 
gie Lanthorn, to anſwer the execrable Views of Sorcerers, 
than is daily practiſed with the Bible itſelf, by the Pro- 
feſſors of pious Frauds, in almoſt every Age and Coun- 

: and it is moſt certain, that if there were no Fools, 
there could be no knaviſh Pretenders to the Magic Art; 
nor ſhould we ever have heard of any ſuch Thing as a 
Magic Lanthorn. We ſhall therefore diſcard the 
infamous Appellation of Magic, and ſubſtitute in its 
Room the true and deſerved Epithet of Megalograpbie 
Lanthorn, by which the Nature of the Inſtrument is, 
as it were, deciphered and explained, as ſignifying no- 
thing more than the producing a very large and magnified 
Picture of a ſmall Object. | 

Euphroſ. This Inſtrument, then, I ſuppoſe is to be 
uſed by Candle-Light, as you have choſen the Evening 
to diſcourſe of it, and from thence I conclude, that it 
has ſome ſome Affinity to the Solar Magalaſcope, which 
you ſome Time ago explained the Uſe of to me. 

Cleon. It is in Effect almoſt the ſame Inſtrument ; it 
differs, it is true, in Form, and requires the Candle- 
light, as the other does that of the Sun: But as a ſmall 
Quantity of the Sun-beams will ſuffice in a Megalaſcope, 
and in the Megalographic Lanthorn a very great Quan- 
tity of Candle-light is neceſſary, therefore the Lanthorn 
muſt neceſſarily exceed tie Megalaſcope in Bulk, as it 
muſt contain the Candle itſelf, and a large Speculum, 
or Lens, by which the Light may be collected ſufficient 
to illuminate the Objects that are magnified :- and hence 
ariſes a two-fold Conſtruction of this Inſtrument, viz. 
with a Speculum and Lens conjointly, and the other with 
Lenſes only. | | 
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Eupbroſ. This, I ſuppoſe, is the Reaſon why I ſee 


two Lanthorns here before me, one of a large, and the 
other of a ſmaller Size. | 


Cleon. It is i@* "© he large one, 28 you will foe on . | 
opening the Door, has a large Speculum placed on the 


Back-part, or Left-hand, which collects the Light of the 
Candle placed in the Middle of the Lanthorn; and then 
reflects it to the tranſparent Images on the Glaſs, to illu- 
minate them ſtrongly, and then the ſaid Object is mag- 
nified by a glaſs Lens in a fliding Tube, which adjuſts it 
to a proper focal Diſtance; and becauſe the Speculum 
is large, and the focal Diſtance 12 or 15 Inches, there- 
fore the Lanthorn of this Conſtruction muſt neceſſarily 


be of a very conſiderable Bulk. But in the other 


Lanthorn, upon opening the Door, you ſee only a large, 
thick Lens (almoſt a Hemiſphere) of Glaſs placed be- 
tween the Candle and the Objects; and though in this 
Caſe the Surface of the Lens be not near ſo large as that 
of the Speculum, yet, on Aecount of its much ſhorter 


focal Diſtance, the Rays of Light will be ſufficiently 


ſtrong for a requiſite Illumination of the Object. 


Euphroſ. I think, if I remember right, the Objects 


made uſe of in theſe Lanthorns are all painted in ſquare 
Panes of Glaſs, and in tranſparent Colours, which are 
diſpoſed together in a wooden Frame to be applied for 
Uſe. 285 | 
Cleon. They are ſo; for it is neceſſary the Colours, 
ſhould be tranſparent to render them vivid and lively in 
their Images magnified as large as the Life — As 
the Objects themſelves are ſome of them two or three 
Inches long, therefore a large Lens will be neceſſary to 
be uſed ; for the Lens and its Aperture muſt be propor- 
tioned to the Size of the Object in this, as well as in all 
other optical Inſtruments; and then it will be eaſy to 
know what Diſtance the Lanthorn muſt be placed from 
the Wall, in order that the Portrait of a Perſon two 
Inches long may form on the Wall an Image of fix Feet 
high; for if the Lens which magnifies it has its Focus 
at about fix Inches Diſtance, then it will be as two 
Inches to ſix Inches, ſo is fix Feet to eighteen Feet; 
therefore, if the Room be 18 Feet wide, the ſmall Pictures 
of Men and Women will be formed on the Wall juſt 
as 
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as large as the Life; and therefore, when thoſe painted 
Objects are properly choſen, this Inſtrument may afford 
as agreeable an Entertainment, and excite as much ra- 
tional Laughter, as any one that I know of- And here 
I muſt obſerve to you, that among the old dull Claſſes 
of Schoolmen, R:/ibility was eſteemed no inconfiderable 
F aculty of human Nature, and, in their Logics and 
Metaphyſics, they often conſidered it as peculiar to, and 
4 diſtinguiſhing Characteriſtic of Man; and furely ſuch 
Faculties were never beſtowed upon us in vain: and 
therefore the Amuſement of the Megalographic Lanthorn, 
if they were conſidered in no other Light than that of 
Recreation, are worthy of rational Beings, and, conſe- 
quently, far from being impertinent. n 
Euphroſ. As you put ſo good a Gloſs upon the Matter, 
you have excited my Curioſity to ſee a few Experiments 
at this Time, though I cannot help thinking, after all 


oe 


you have ſaid, they will look like Puerilities, or Enters 
tainments fit for Boys and Girls on. 
Cleon. We may ſee the Force of Prejudice againſt» 
Things taken up in a general Way, in this one Inftance of 
ee almoſt invincible Indiffereney to this poor, degraded 
nſtrument: For my own Part, I could heartily wiſh we had 
no Opportunities to obſerve our valuable Moments of 
Time ſpent on Subjects of Amuſement more puerile, or 
trifling than theſe : However, I muſt entertain you with 
ſomething of this Kind, and, becauſe the Subject ſhall/ _ 
not be low, I have proeured an Artiſt, well ſkilled in:this! 
Miniature Painting, to draw on two or three Slips of 
Glaſs the whole PRocEEDING of the late CorRonATION} 
which, when you obſerve the Motion on the Wall, you 
will certainly have a different Idea, that what you have 
hitherto entertained of theſe Subjects. — See; I put the 
Slips in, one after another, and will move them ina 
proper Manner, while you take a curſory View of them 
as they paſs in the regal Proceſſion. IL 
Euphroſ. This will be an elevated Subject, indeed 
Good Heavens ! The Herb- Woman appears at a greater 
Advantage than when I ſaw her on the Plat-form at the 
Time. The Painter has certainly complimented her ſix 
Maids.— The Flowers lie as naturally on the Carpet 
as I then ſaw them: A delightful Appearance, 
1 indeed; 
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indeed ; the various Orders and Degrees of Gentry and 


Nobility, with their proper Habits, Robes, and regal 
Inveſtments, bring to my Mind fo naturally the Thing 
itſelf, that I really judge this View, by Candle-light, 
much to exceed that by Day-light, if it may be ſo called 
when they returned from the Abbey. The Canopies, 
under which our Sovereigns walk, are very elegant and 


highly improved by the Painter's Hand: The King. 


and his Royal Conſort appear with all the Pomp of ſolemn 
Majeſty._—Upon the whole, it is a moſt exquiſite, 
grand, and beautiful Scene; and were ſuch Subjects as 
theſe to be uſed for this Lanthorn, I cannot ſay but I 
ſhould be as much entertained with its Effects as any of 
my Sex. 

Obes But this is ſtill in the Way of Entertainment 
only, nor has the Inſtrument as yet been ever applied 
to any other Purpoſe, though it be very capable of it. 
—I ſhall give you ſome particular Inftances of the 
ſuperior Uſe of this Inſtrument. —In the firſt Place, 
obſerve the Object which now paſles over the Sheet upon 
the Wall. | | 

Euphroſ. I know the Object at its firſt Appearance, 
having ſeen it before in the Megalaſcope of the Camera 
Obſcura : It is a Leaf diſſected, or anatomiſed, and 


all its curious Ramifications and Contexture exhibit a 


delightful and inſtructive Spectacle to the Eye. 
What other Objects of this Kind can you put into the 


Lanthorn ? 
Cleon. In the general Collection of marine Vegetables, 


or Sea Plants, with which you were ſome Time ago pre- 


ſented by an eminent Virtuoſo, I obſerved you was not 
a little delighted in recounting their various Species, and 
obſerving and reflecting on their peculiar Nature and great 
Variety of beauteous Forms; you have likewiſe employed 
many Hours in ſorting them out, expanding them on 


Paper, and diſpoſing of them in proper Frames, which 


you now look upon as the moſt ornamental Part of your 
Study : You have likewiſe farther obſexved, that 


moſt of thoſe Marine Plants are tranſparent, and va- 

riegated with Colours the moſt delicate to be found in 

| Nature: Theſe Qualities, therefore, render them a pro- 

per Subject for the Megalographic Lanthora.—Accord- 
Vor. II. J 
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ingly, I have ſelected a Specimen or two of that Kind, 
and placed them on Glaſs in a Frame of the uſual Form, 
that you may ſee them, one after the other, upon the 
oppolite Wall. | | 
Euphreſ. They are, indeed, as fine a SpeCtacle as Eyes 
can behold. I thought they made a glorious View in 
my Frames; but how infinitely ſhort does that fall of 
the Glory and Grandeur with which they now appear! 
—— They ſeem to be each of them a new Species of 
large, or full grown 'Trees, with Limbs and Branches 
reſembling tranſparent Coral, of all the Variety of ex- 
quiſite Colours: The Form, the Texture, and Sub- 
ſtance of theſe Plants, I really think, could not be ſhewn 
in any other Way to ſo great an Advantage. 
Cleon. There is no other Inſtrument that has yet been 
made for ſhewing an Object ſo large in the Sun's Light: 
the common Megalaſcope takes in an Object of little more 
than an Inch in Diameter, which is too ſmall for ſhew- 
ing theſe curious Plants, or any other large Objects, to 


the greateſt Advantage; though ſuch might be made, and 


applied to the ſame Purpoſe, in the Camera Obſcura, as, 
you have now ſeen by Candle-light ; but the Glaſſes for 
this Purpoſe muſt be large, and the Inſtrument of Courſe: 
more expenſive than the common Solar Microſcope ; and 
it is very probable, that I ſhall have it in my Power, ere 
long, to entertain you with one of this Kind. ———— But 
to return to our Subject: There are yet other U ſes 
to be made of this Megalographic Inſtrument, ſince every. 
Subject that is tranſparent, Immediately becomes appli- 
cable to it, and, though ſmall in itſelf, yet, being hereby 
rendered extremely large, becomes in Proportion more 
agreeable to the View: Thus, for Inſtance, ſuppoſing 
you have Glaſs Medals, or Glaſs Pictures of perſpective 
Views, theſe, illuminated and magnified: in this Inſtru- 
ment, would have a very noble and fine Effect to the 
Eye, if properly ornamented and tinged. with natural 
Colours. | | g | 

Euphroſ. I ſuppoſe, by your Manner of ſpeaking, that 
you have ſome ſuch like Curioſities to entertain me with; 
and I cannot ſay but, from the Nature of the Thing, 
they muſt, when this Way applied, yield a very delight- 
ful Spectacle. 
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Cleon. You, have conjectured right: For though I have 
not real Glaſs Medals, yet I have procured ſuch as will 
anſwer the ſame Purpoſe, and in a much better Manner, 
and which, I am zwell aſſured, will give. you no ſmall: 
Pleaſure when yon are perfectly inſtructed in the Method 
of manufacturing them for your Uſe. What I mean 
is, a Collection of very curious Impreſſions, clear and 
tranſparent. as Glaſs itſelf, and yet without that unlucky, 
Property of its Brittleneſs; and ſo they are never. in 
any Danger of being broke. Another valuable Pro- 
perty is, that they are thinner than any Wafer, and 100 
of them may be put in a Frank and tranſmitted, by the 
Poſt, from one Part of the World to another. — The. 
Nature of theſe. medallic Impreſſions diſpoſes them to 
receive, and repreſent the fineſt Strokes that can be drawn 
by the Hand of the Engraver, and therefore will appear 
a more ſharp or perfect Repreſentation of the Medal, 
than can be expected from Plaiſter of Paris, or any 
ſuch earthy Matter. — Again, their Colour greatly 
favours a View of the Impreſſion ; for you. can ſcarcely 
find any Colour ground that will ſhew them to a greater 
Advantage: than their own natural Colour : —Butz 
if you chuſe it, you may tinge them with any Colour 
you pleaſe, by mixing proper Dyes or Tints with 
the Subſtance of which they are made, ——— See here, 
a great Variety of different Sorts, Sizes, and Impreſſions. 

Euphroſ. A rich and beautiful Variety, indeed; to 
my Knowledge, I never ſaw any Thing of a more curious, 
and delightful Appearance: They repreſent the 
Buſts of Men and Women in Relizvo, as naturally as 
the Medal itſelf The curious Portraits, perſpec- 
tive Deſigns, and Landſcapes, in Miniature, are taken 
off in a moſt elegant Manner, and muſt have a noble 
Effect when magnified in this optical Machine ——L 
obſerve, among others, the Impreſſions of their preſent 
Majeſties, which, I ſuppoſe, you have made from the 
Coronation Medals:— There is all the Majeſty and 
graceful Mien of the King, by which he is ſo eaſily di- 
ſtinguiſned and known; and a greater Likeneſs in the 
dide-view of his Conſort Queen, than has yet appeared, 
in my Opinion, in any Print.—lI ſhall be greatly delighted 
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to ſee them repreſented at large, by the magnifying'Powtr 


of the Lanthorn. mY | | 
- Cleon. I have them already diſpoſed in proper Frames 
for the Purpoſe:— and now, upon the Wall, you ſee 


their Majeſties almoſt as large as the Life, and by this 
Method alone can they be repreſented ſo in any Perfec- 
tion; for if theſe Figures be compared with thoſe painted 
ones you ſee before you, the Perfection of theſe Repre- 
ſentations will as much exceed the others, as the fine Art 
of Engraving exceeds the common tawdry Painting of 
Water- colours. Here you ſee Nature itſelf heigh- 
tened with all the Majeſty of ornamental Decorations 
and Attitudes, as far as the Skill of the Artiſt can per- 
form, and all exhibited in full Perfection in theſe mag- 
nificent Views: But, behold ! a City now riſes to 
the View. ve HO oP) n 

Euphroſ. Surely, it makes a very grand and natural 
Appearance. What does it repreſent, Clonius? ' © 


Cleon. It is an Impreſſion taken from a Medal of a per- 


ſpective View of the City of London before the Fire, 
where you now fee the antient State of this great Metro- 
polis, as 3 as in a four-ſheet Print But I ſhall 
change the Scene, and preſent you with ſomething that 
will be ſtill more agreeable. t is a variegated Piece 
of Perſpective, with many emblematical Scenes on 2 
Landſcape Ground: It is the Reverſe of a Medal ſtamped 
on ſome extraordinary Occaſion, though I cannot recol- 
tect particularly the Deſigh. 1 | 
Euphroſ. Be that as it will, it makes a noble Picture 
on the Side of the Room ; and if theſe pellucid Pieces of 
miniature Drawings are capable of ſuch high Improve- 
ment by the optical Science, it is hoped our Engliſb Ar- 
tiſts will think of providing proper Subjects for our En- 
tertainment this Way, in greater Plenty than we have 
hitherto had; fince every curious Deſign of a pictureſque 
Nature cannot fail of having that Effect. But what 
do I now ſee? a wonderful Variety of mathematical Fi- 
cures, Friangles, Circles, &c. in one Scene, and 2 
Variety of figured Solids in the other : Pray, what is the 

Meaning of all this, Cleonicus? F 
Cleon. Theſe were intended, my Euphraßhne, (not as 2 
Subject of Entertainment this Way, but) as an * 
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Help to the Memory of the young Mathematician ; for 
on one Side of the Medal you have engraved, the Repre- 
ſentation of the principal fundamental Theorems in Geo- 
metry, in a Variety of plain Surfaces : On the other 


. Side the Medal are, finely engraved, a perſpective View 
of the five Platonic, or regular Bodies; but as I intend 


theſe, only to ſhew you what may be done in every Way 
where tranſparent Objects can be applied, even without 
the Aſſiſtance of Colours, I ſhall conclude, at preſent, 
with one Scene more, to ſnew how much theſe medallic 
Impreſſions may be improved and heightened by the Ap- 
plication of Colours. — Obſerve the ſplendid Appearance 
on the Wall. by Ty | 

Euphroſ. A glorious Sight, indeed; the King's Arms 
all richly blazoned and coloured, as the Laws of Heral- 
dry direct.—I am, by this Time, thoroughly ſatisfied of 
the delightful Effects of this Inſtrument; and I am im- 


patient to know how theſe Impreſſions are made, as it 


will be the higheſt Subject of Amuſement for ſome of 


my leiſure Time, 


Cleon. It is a Solution of [/ing-glaſs in Spirits properly 
prepared, which is not worth your while to attempt: I 
have provided for you a 4 Ounce Phial of this Subſtance, 
which you ſee has the Appearance of a fine white Glew, 
and will ſerve you not only for taking medallic Impreſſions, 
but alſo for many.other uſeful and valuable Purpoſes, 
Euphroſ. You will be ſo good as to let me ſee your 
practical Method of taking off Impreſſions firſt, and then 
I make no Doubt but I ſhall be able to do it myſelf. 
Cleon. In the firſt Place, the Medal is ſuppoſed to be 
very clean; then, having diſſolved the, Glew by placing 
the Phial at a ſmall Diſtance from the Fire, and placed 
the Medal very level on the Table, I pour the Glew on 
the Surface till it has covered the W hole, and with the 
Point of a Pin carry it nicely round upon the Edges of 
the Medal : I there let it ſtand to dry, or to evaporate 
the humid Part; the Remainder, which will be the pure 
Iſinglaſs, will be ſo tranſparent as not to be ſeen on the 
Face of the Medal, and will, of itſelf, came off without 


| giving you any Trouble in that Reſpect: And thus they 
appear, like thoſe which you here ſee, of the Colour and 


Tranſparency of Glaſs, 
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Eupbroſ. But how do you gild them-with Gold aud 


Silver, in that beautiful Manner of "any of thoſe Speci- 
mens before me 

Cleon. For that Parpoſs/ 1 N a Leaf of'Gold or Sil 
ver on the Face of the Medal, and then pour the fluid 
Glew upon it : Or elſe, you may firſt pour on the 
Glew, and then Jet an expanded Leaf of Gold or Silver 
gently fall upon it, and thus the Impreſſion will be gilt 
on the concave or convex Part: or you may put the Leaf 
of Gold on both Sides, and ſo gild it thoroughly: And 
thus they look like Gold or Silver Medals. 
here preſent you with a Frame of fuch Gold Impreſſions, 
of al the Kings and Queens of England ſince the Con- 
queſt; together with the curious Devices on the Reverſe 
of each particular Medal. 

Eupbroſ. I am 'infinitely obliged to you for theſe In- 
ſtructions: I now can take what Variety of Impreſſions 
I pleaſe, and thereby enlarge and enrich my Muſzum of 


Curioſities at Pleaſure. —But you was mentioning ſome 


other Uſes that were to be made of this Solution; pray, 
what are” they ? | 

Cleon. They are of a more ſervile and inferior Nature, 
but ſtil] the beſt of their Kind; I mean, that of a gela- 
tinous Subſtance, or Glew ; for it is applicable not only 
where common Glew is, to cauſe a Coheſion - in the 


higheſt Degree between Pieces of Wood; but in moſt 


other Subſtances that are liable to be broke, particularly 
thoſe valuable Pieces of Furniture, Glaſs and China, 
when broken, will, by this Glew, be cemented ſo firmly 
together, that the Juncture of the Pieces will be hardly 
viſible, and the Strength of it almoſt equal to that before 
it was broke. 

Euphroſ. Theſe are important Uſes of the Glew, 
indeed ; but, pray, how is it applied to e the 


rongeſt Effect this Way ? 


Clean. Vou muſt proceed thus: As Wen as the Glaſs 
or China is broke, let each Part be placed by the Fire 
and made very hot, as alſo the Phial of Glew ; then, 
with a Camel's- hair Bruſh, take a little of the Glew and 
ſtrike'over the fractured Surface of each Part, then care- 
fully putting the Piece, or Pieces, into their Py 
Place, and gently PO them together, let them * 
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ll they are cold, and it will do admirably well for ſhow, 


and, in many. Cites; for real Uſe, as you will be tho- 


roughly convinced -of by ** Experiment FW of 
this Kind *, 


2 & * * * 8 . * 
4 — - Ld — 


DIALOGUE 005} 


T, be Deſcription and Rationale of the i 
Ocr ANT, and Helioſtata, 9 CLOCK. 


| Euphroſyne. . 

T ſeems, Cleonicus, by the Apparatus you have pre- 
pared for my Entertainment at this Time, that you 
are going to quit the delightful Subject of Optics, for 
ſomething in the mechanical Way ; for what elſe can be 
the Meaning of the Quadrant, Clock, and other mechani- 

cal Preparations I here ſee ? 

Cleon. The Subject of Optics is not ſo ſoon exhauſted 
as you may imagine : This moſt delightful of all philoſo- 
phical Sciences affords you ſuch an extenſive Field, that 


you will find, that, as yet, we have little more than 


traverſed-It half over, and that the remaining Part is all 


upon a delightful riſing Ground. The Objects of this 


Science are connected with, and depend, in many Re- 
ſpects, on the Principles of many others, particularly the 


4 13 thought 33 here to give a Repreſentation of 


the ſeveral Inſtruments that have been deſcribed in ſome of the 

laſt Dialogues, that the Reader might have a more compleat 

and ſatisfactory Idea of each of them: therefore, in Plate L. 
Fig. I. Repreſents the portable and proportionable Camera 


D&feara, deſcribed at large in the 1cth Dialogue of this Part, 
Page 250. 


Fig. II. Is the refracting binocular Teleſcope, deſcribed in 


Dialogue 12, Page 270. 
Fig. III. Is the optical. Inftrament, deſcribed in Dialogue 13, 
P. 274. It is here repreſented as placed on a Foot, or a Stand, 


for more convenient Uſe; but it will do very well without. 


Fig. IV. Is the megalographic Lanthorn, above deſeribed. 
As the ſeveral Parts of theſe Inſtruments have been particu- 


larly deſcribed, nothing more need be ſaid of them here. 
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moſt uſeful Science of Mechanics ;- but 1 on not gro A 
; ofe any Thing for your Information chat II give 

Ls Dikeutey Dole ber fant ab don II . 0. 0 
* 'Eupbrof. I ſball never be tired in my Progreſs througte 
fttseſe delightful Scenes: But 1 cantot ſay chat Tiever 
| expected 58 meet with a Quadrant, or 4 "Clocks mem "my 
| Wa among optical Subjects, 1 ois 
> be. Perhaps you mi ht not; but it toes not follow 
from thenee, but that Gaben, Clocks, and many 
other curious Inventions, may owe their eſſential Pro- 
perties and Uſes ſolely to the Principles of Optics, and 
yet never be the Subject of common Knowledge, or 
heard of by you or the Bulk of Mankind. Vou will 
wonder, perhaps, if I tell you, that this very Quadrant 
(or, more you! Octant) has always been eſteemed 


by thoſe who are Judges as the moſt exquiſite and uſeful 
of all the noble Inventions in Optics, which we owe to 
the great Sir Iſaac Newton : And therefore, as ſuch A 
think it is very neceſſary that a Perſon of your delicate and 
general Taſte for Science ſhould be made acquainted 
with it.——=T have often obſerved to you, that Science 
has no Relation to Sex, and therefore a Lady may as well 
be taught the Nature and Theory of Hadley's Quadrant, 
as that a Gentleman ſhould be at the Pains of ſtudying 
the Theory and Mechaniſm of a Spinning-wheel *. x. 
1 Whatever is of an optical Nature I am ſure 
will pleaſe me, and therefore I ſhall very readily attend 
to all you have to ſay on that Inſtrument. I] fee it is 
furniſned with ſeveral Glaſſes, and therefore muſt be 
entitled to this Claſs : — I likewiſe obſerve a Speculum 
and a Teleſcope pertaining to your Clock; and therefore 
I conſider it as a compound optical Machine. 
Cleon. They are both of them ſtrictly ſo, and the 
higheſt of the catoptrical Claſs; for all their Effects are 
purely by reflected Light, and the Principle on which 
they depend is of Courſe extremely eaſy, being only this, 
viz. that the Angle of Incidence is ever equal to the * of 
Reflection. This Principle you have long ſince been 
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at preſent, be taken for granted; and in this the whole i 
Theory of theſe, curious. Inſtruments conſiſt, | | 1 
Eupbhroſ. If nothing more than that be required as a | 
preliminary Qualification, I ſhall find myſelf very capa- 
ble of underſtanding their Rationale, for there is not an 
Operation of Nature more familiar or eaſy of Demon- 
ſtration, than the Principle you have now mentioned ; 
and therefore you may proceed, as ſoon as you pleaſe, to 
its Application in the Conſtruction of thoſe Inſtruments, 
Cleon. Preparatory. to that, I have provided a little 
Machine to illuſtrate this Matter by Experiment: This 
conſiſts, as you ob- w AR 
ſerve, of the fol- | P 87. 0 
bwuing Karts, is. rr. —.— 
955 A reflecting * F ; 
peculum op plajn | | | k 
Glaſs, AB, moye- N | 
able on a, central 
Point C, through 
which paſſes a 
Wire, HE; and 
therefore at right c 
Angles to the O 
Plane of the Spe- 
culum. (2.) The 
Wire H C is con- 
nected with an 
Arm H I, move- 
able about a Cen- 
55 ſo that, by | lin 
the Motion of the OY mw” 
2 . 
Wire H E, and | 1 1 % ö 
conſequently the Glaſs A B, is moveable at Pleafure, | 
(3.) On the Center I, with the Radius I C, you ob- Ch 
ſerre a Circle CH K is deſcribed; and (4.) on the Fs 
Center C, with the ſame Radius, is deſcribed. the Circle ti 
DF MI. (5.) You farther obſerve, that the Diameters --.--— 
D M. and L H are perpendicular to the Diameters F I and Un 
CK. (6.) In the Diameter D M, produced towards D, 1 
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P I place a luminous Object, viz. the Flame of a Candle, 1 
l ſo that the Rays which come from it, and fall upon the 1994 
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Glaſs AB, will be reflected from thence in the Direction 
F, making the Angle of Incidence DCE, equal to 
the Angle of Reflection E CF. — In all this, I preſume, 
you underſtand me, e ane ene 
Euphreſ. With the utmoſt Eaſe, I can aſſure you. If 
there be nothing more difficult than this, you may pro- 
ceed ſucceſsfully. 1 GOV OL {132731 SN TIRSF ne 
+ Cleon. The next Thing you are to take Notice of is, 
that if the moveable Arm I H be placed at right Angles 
to C K, then will the Wire CH divide the Quadrant 
MI into' two: equal Parts in the Point N, and, conſe- 
quently, the Perpendicular C E will biſect the oppoſite 
Part of the Circle DF in the Point E; in which Cafe 
the Angles of Incidence and Reflection, DCE and 
ECF, will be each equal to 45 Degrees. This, 
likewiſe, I ſuppoſe, you very readily underſtand. © 
Euphroſ. Yes, ſurely, or I muſt be very dull indeed, 
Pray, proceed. * | | 
Cleon. Another Thing that you muſt take particular 
Notice of is this, that while the Arm I H deſcribes the 
Quadrant H K, or go Degrees, the Wire E H will de- 
ſcribe only half a Quadrant, viz. N I on one Part, and 
EF on the other; and that therefore the angular Mo- 
tion of the Wire E H is but half ſo much as that of the 
Arm I H. You moreover obſerve, that ſince the 
Glaſs A B moves equally with the Wire E C, its angu- 
lar Motion will be alſo the ſame, and juſt half that of 
the Arm I H. In this, likewiſe, I hope you will 
ſee no Difficulty, | 
 Eupbroſ. Not in the leaſt, as J wiſh nothing to be 
more obvious. 
Cleon. By the Mechaniſm of this Inſtrument, upon 
the Center C there is a moveable Arm C O, carrying 
the radiant Object, fixed upon it at O; and this Arm 
CO has the fame Motion with the Arm I E, that is, 
when I turn the Winch you ſee the Arm I H move from 
H to K in the ſame Time that the Arm C O moves from 
D to F, and that the Glaſs and its Wire E H moves 
through half a Quadrant in the ſame Time. : 
Euphroſ. All this I obſerve with Pleaſure, and under- 
ſtand with Eaſe, What follows next? 


tion in the Glaſs PQ. | 
obſerve by Experiment, while I. continue the Machine 


M tectly at reſt in the Glaſs PQ 
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Clean. I turn the Winch backward, and bring the 


Arms IH and C O to their former Situation, perpendicu- 


lar to F K; and you are then to take Notice, that a Ray 
of Light coming from the Candle at O, and from the 
Glaſs reflected to G, will there ſhew the Image of the 


Candle in another Looking-glaſs P Q, placed perpendi- 


cular to the Right-line FK. Now the great Point to 
be conſidered is, how, or in what Manner, the reflected 


Beam of Light CG is to be rendered permanent, or 


immoveable, while the Object at O is moveable upon 
the Arm C Q,. over the Arch DF; for if that can be 
done, the Candle in the Glaſs at G will, all that Time, 
remain quieſcent, or be ſeen in the ſame Place; nqw 
this is effected by the Mechaniſm of this Inſtrument : be- 
cauſe the Glaſs AB, and its Perpendicular E C, have 
but half the angular Motion of the Arm CO: And thus 
it happens, that while E C moves over any Space towards 
F, the Angle EC F will be diminiſhed by that Space, 
and the Angle E CD be juſt ſo much increaſed, and, 
conſequently, that the Angle E CF may be always 
equal to the Angle EC D, the Arm C O muſt move juſt 
twice as faſt as the Perpendicular CE, or the Wire CH, 
and then will the reflected Ray of Light always continue 
in the ſame Poſition, or ſhew the Image at reſt in the 
Glaſs PQ, while the Object or Candle is any where 
ſituated on the Arch D F. For Example: If the 


Perpendicular moves from its Situation at 45 Degrees E 
to 50%, then will the Angle E CF be only 40 Degrees, 


and the Angle E CD 50, which is 10 Degrees more than 
the other : Therefore, if while the Point E deſcribes 5 


Degrees towards F, the Arm C O paſſes over 10 Degrees, 


it will all the while keep the Angles of Incidence and 
Reflection equal; and therefore the reflected Ray C G 
will be invariable, and ſhew the Image without any Mo- 
The Truth of this you 


in Motion. S ne, n, 

Euphroſ. It is very true; I ſee the Candle conſtantly 
moving over the Arch DF, while its Image appears per- 
A very curious Effect 
indeed, and ſuch as I could not have thought produceable 
from fo eaſy a Principle. | 1 95 


* 


1 
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leon. The next Thing you are to obſerve is, that 
| Fince the Ray CG is, by this Means, fixed, it will be 
rendered ſo if reflected into any other Poſition : As, ſup- 
poſe G T parallel to O M, by moving the Glaſs. PQ, 
on its Center G, into the Poſition RS, which is pre- 
ciſely parallel to that of the Glaſs A B, and then an Exe, 
aced at T, will. ſee the Image of the Candle in the 
laſs RS at reſt, as before, while the Candle moves 
over the Quadrant of a Circle from D to F. I turn 
he Glaſs PQ into the Poſition R S, and you ſee, by 
xperiment, its [mage continues immoveable in the ho- 
rizontal Line TV. 34 HEY HH nc fs; 
Eupbroſ. All this is very evident, by InſpeQtion,—— 

I ſuppoſe I ſhall ſee the Uſe of it exemplified in the Cons 
ſtruction of theſe Machines, 5 5 
Cleon. You will, in many uſeful Inſtances.:——But 
you are yet farther to obſerve that, for the ſame.Reafon, 
the reflected Ray is fixed, when the incident Ray is 
moveable. So, on the contrary, when the incident Ray 
is fixed, the reflected Ray will be moveable ; for, if the 
Ray OC be ſuppoſed to continue the ſame, while the 
Glaſs A B and its Perpendicular A C be moved about the 
Center C, the Angle of Incidence EC D will be con- 
ſtantly altering, and ſince the Angle E CF muſt be 
always equal to it, therefore the reflected Ray C G muſt 
be conſtantly in Motion with a Velocity twice as great as 

that of the Perpendicular EC, or the Index CH, for 
the Reaſons before- mentioned. Therefore the Image 
will, in this Caſe, appear to be moveable, and which 
you ſee in every common Looking-glaſs, which, if you 
move them one Way or other, will always ſhew a Motion 
in the Images of Objects by Reflection. 7 Jan 

Eupbroſ. I never fit down to the Toilet without 
being obliged to obſerve this Phænomenon; but I never 
adverted to the Celerity of the Motion in thoſe Images, 
or knew that it was twice as great as that of the, Glaſs 
itſelf, which, by what you have now ſaid, I clearly ap- 
prehend it to be. 5 5 . 

Cleon. In the laſt Place you will obſerve, that when 
both the Glaſſes are equally moved together, the Per- 
pendiculars to each Glaſs, as EC, G C, will conſtantly 

make the ſame Angle with each other; and 1 

. : alſo, 


N 
I A -— £A wa = r OS TT; ef ONe 
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66,7 the Angle of Incidence being ever" equal to the 
Angle of Reflection, it will follow, that the incident 
Ray OC, and the ſecond reflected Ray G T, will ever 
be parallel to each other; and, conſequently, the ay, 4 
at V wow 8 Prenſes, in the Line PV parallel to 

Oe, 7 quieſcent, or ? Bock all 
the Tis: the two Glaſles ale in Motion: And this you 
will ſee by the Experiment. For obſerve, I move 


both the Glaſſes in the Inherit round the Genter TT 


without altering their Poſitions to each other, and the 
Image of the 55 ject at reſt in O will appear to be at 
reſt in the Glaſs P to your Eye placed at K. — Again, 
I turn the Glaſs P Q into the Poſition R'S, parallel to 
AB, and then moving them both equally about the Cen- 


ter Oo you will obſerve the Image, by the reflected Ray 


GT; at reſt, in the ſame Manner as before. 9 


Eupbroſ Vour Inſtrument is very prettily adapted to 


ſhew theſe curious Particulars very naturally: But how 
is all this applicable to the Sea Quadrant, which, it ſeems, 
I muſt - underſtand before I can pretend to be an La ts 
female Navigator ? 

Cleon. When the Reaſon of a Thing is underficde” 
the Practice can never be difficult: This Quadran 
you ſee, which I take in my Hand, has the ſame two 
Glaſſes with thoſe in this little Machine, the largeſt” of 
which anſwers to the Glaſs AB, and is fixed upon ali 
Index analogous to C H in the Machine; the other Glaſs, 
on the Side of the Quadrant, is to be conlidered* as fixed 
while the Quadrant is in uſe, and anſwers to the Glafs 
RS: Therefore, the Uſe of this Quadrant bein 
to take the Height of the Sun at Sea, in a Ship cn 
in Motion (which would render the common Methods 
Land impracticable there) this End is g = 
anſwered by the peculiar Property of this Octant; for, 

F hold it up towards the Sun, the Rays reflected' from the 
Index Glaſs to the other, will, upon moving the Index, > 
ſhew a Motion of the Sun's Image in that other Glaſs"? 
And, as one half only is ſilvered, the ſolar Image will I 
that be ſeen; and, in the unfflvered Part, the Horizon, 


or Edg e of the Sea, will appear: And conſeq Rep 


while 500 move the Index forward on the Limb of 
* vou will VIE the Image of the Sun®'ts 
deſcend 
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deſcend in the Glaſs, till at Length it touches, with its 
loweſt Limb, the horizontal Edge of the Sea: And when 
I have got it there it will appear at reſt, notwithſtanding 
the Quadrant, or Glaſſes are moveable by the Motion 
of the Ship: The Navigator, therefore, has it in his 
Power to make this Contact as nicely as he pleaſes ; and. 
from what I ſhewed you before, the angular Motion of 
the Image of the Sun is twice as great as that af the 
Index of the Quadrant: And therefore I need only obſerve, 
that that Angle is expreſſed in the proper Degrees on 
the Limb, by reckoning every half Degree a whole one; 
for you obſerve, the Limb of the Quadrant is divided 
into go Degrees, whereas it is in Reality but 45, or the 
8th Part of a Circle (for which Reaſon it is properly an 
O#ant, and not a Quadrant) And thus the Arch of the | 
Sun's Altitude is, at any Time, very 1 taken on the | 
| 


—_— md th _ on rnd JA Was wed we LN Man) © woe 


unſteady Baſis ef a Ship. 
Euphreſ. I make no doubt but you can exemplify the 
Uſe, of this Inſtrument by Moon-light, as well as that 
of the Sun: If fo, there is now as delightful a clear 
Moon as you could wiſh. - 
Cleon. There is ſo: And I ſhall command the Queen | 
of Night to deſcend, in Complaiſance to you, from. her 3 
lofty ztherial Seat, and be perched upon the, Top of 
yonder Chimney, without any Power to move: or, to 
be ſerious, I will inſtantly meaſure her Height above that 
Chimney, which ſhe ſeems to be perpendicular over. 
Here, take the Quadrant, and hold it juſt in the Poſition 
as you ſee me do, and, looking through the ſmall Hole 
in the Sight-Vane, you will perceive the Moon depreſſed 
to the Edge of the Chimney ; and moving the Quadrant 
any how, you will obſerve the Image of the Moon to be 
as immoveable as the Chimney itſelf, 
Euphroſ. I do, indeed; and ſo curious a Sight I 
never before beheld: F or, notwithſtanding I move the | 
uadrant, or Glaſſes, the Moon appears as abſolutely 
ſteady as if nailed on to the Top of the Chimney. 
{ 
| 


Now let me ſee the Number of Degrees on the 
Limb, the Vernier cuts 279 30“; that, I preſume, is 
what you call the Height of the Moon above the Top of 
= Chinkney, i ? 
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Cleon. It is: And after the ſame Manner you will find 


the Degrees contained in an Arch of the Heavens between 
the Moon and any particular Star, which is called the 
Diſtance, of the Moon from the Star. Thus you obſerve. 
yonder bright Star, called Regulus, or the Lion's Heart; 
the Diſtance of that Star from the Moon I eaſily find, 
by putting the Quadrant into a proper Poſition for bring- 
ing the Reflection of the Star upon the Wee Part 


of the ſmall Glaſs, and then I move the Index till I © 


bring the Image of the Star to tonch the Limb of the 
Moon next to it, and then you will obſerve. the curious 
Appearance they make both together: Here, take 


the Quadrant, and put it into the ſame Poſition for your, 


own Eye. 

Euphroſ. This I will do as ſoon as I can: I find ĩt- 

requires a little Practice to he ready at this Matter: 1 

have juſt now brought it to bear, and (ce the Star nicely 

touch the Limb of the Moon next to it.— This is a very 

pretty Phænomenon, indeed. vero, WP 
Cleon. On the Limb, you obſerve, the Index has 


moved over 23 Diviſions, which is therefore the Number 
of Degrees contained in the Arch of a great Circle, 


between the Moon and the Star: And to meaſure this 
Diſtance of a Star or the Sun from the Moon, is a prin- 


cipal, and moſt uſeful Problem in Navigation, and was 
the original grand Deſign of this Invention, by Sir {/aag 
Newton, _ | == 

Euphroſ. You have thoroughly convinced me of the 
important Uſes of this valuable optical Inſtrument 
But I imagine, ſince you can ſo readily meaſure the Arch 
of Diſtance between any two Objects, it muſt be of Uſe 
in many Caſes on Land, as well as at Sea: Is it not, 
Cleonicus? | 


Cleon. You may think it very ſtrange, that a Perſon 


ſhould be able, by any Inſtrument whatever, to take the 
Height of the Sun, or any other Object, in a Ship rolling 
on tne Waves of the Sea, more certainly, than on the 
firmeſt footing by Land: But you will ſoon recollect, 
that at Sea there is ſometimes a clear and evident HoRIZox, 
from which we can meaſure the Height of the Sun, 
Moon, or Star; but, on Land, ſuch an Horizon is 
wanting, and therefore this excellent Inſtrument is but 


=y 


1 48 
.% 
bt 4 
* $ 
7 4 
1 
+. Pp 1 
5 
7 F - 
t 4 
WW. l 
1 2 
E J 
4 - . 
1 
E j 
F +. 
= 2 
: . 
1 
. 1 7 
vr 9 
1 
a * 
.S 
7 5 
7 
«© [ 
£ I& 
"4 FT. 
2 5 
% 4 
* 
. 
1 
* 
* 
if 
. 
7 
{ 
he 
: - 
9 
1 
F 
C * i 
— 
i 
7 


— 


n 


wer” as 2. xe — 
a 2 » * a, ed 8 
* r 


D 
2.4. td. 126d 


— i Bag or nero ape e 


A 


34 THE YOUNG GENTLEMAN 


of little uſe in the common Conſtruction: But it is yet 
capable of an artificial Horizon being adapted to it, and 
thereby the Altitude of the Sun may be obſerved, not 
only by Land, but likewiſe at Sea in VW 
when the Sun, but no Horizon, can be ſeen: By this 
Means alſo, it may be rendered of very great Uſe in Sur. 
veying, unc in all Caſes where a Tbeodhlite, Cireum: 
| - feremir, or common Quadramts are applicable 
| This new Conſtruction of a” Quadrant I ſhalb take 
ſotme other Opportunity of giving you a farther: Inſight 
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| BY into, having ſaid, at preſent, as much as I thought 
fi neceffary, to give you a general Idea of this noble Inven- 
TH tion, ast 1 to the Claſs of en e ee 
| il — mh _ | 1 —— ods wi 
1 N £3,Ho% toy ot oft 55 | 44% es 
A F DIALO GU E xv. 
Mi The De and. Uſe of the Hz LIOST ATA, « or 
4 te ſolftitial and planetary C Look, on a new Con- 
1 ' Pruttion, for fixing the Son, Moon, and Pi . 
"i „N= in eee OFSARFATIONA,.. 40 fh 
4 2 4 s | 1 | ” - e K 0 . 
[| j \Have eve this Opportuni as the * e | 
of for inſtructing you in the Knowledge of the Nature - 
1 and Uſe of an Inſtrument, whoſe Theory is the moſt 5 
i ſublime of all in Philoſophy. This grand Invention, | 
1 like all others, has arrived at its preſent Perfection by | 
5 ſeveral Gradations. Its firſt Principle is founded in Optics; ; 
159 and its general Nature is derived from optical, mechani- ' 
| cal, and aftronomical Principles ; and this you will eaſily : 
6 conceive when I tell you, that it is a Clock of ſuch a 1 
"Wi liar Nature, as to fix the Rays of Light from any 6 
5 e * 2 
| o radiant Object, and thereby to render the Sun Beams of ; 
1 Uſe in the ee 1 more Fand than any ] 
if | | * 
11 — — — e 
3 | 
1 | ® It was not judged GE to exhibit, i in a Plate, any 1 
1 Thing relating to the Structure or Uſes of the Quadrant, as / 
* chat is fully done in a ſmall Treatiſe, which is given with every . 
| Inſtrument of this Kind that is ſold, 
14 
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yet Infleument- has hitherto done; and alſo, what is ſtill of il 
and much greater Conſequence, the Aſtronomer can hereby 18 
not detain the Sun, Moon, or Planet, in his Teleſeope, in } 1 
herz z quieſcent State; by which Means they become the 
this Subjects of bis Obſervation, and that for any 19 
urs Time propoſed. This hath been hitherts the Defideratune | 
ms of Aſtronomy ;. for as often as the Aſtronomer has been 4 
vun intent upon determining the Eclipſes of the Sun and | 
ake Moon, upon delineating their Aacule, or Spots, or [! 
ght meaſuring their apparent Diameters with a Mierometer, N 
ght ſo often he could wiſh to ſay, Sun, fland thou ill and [ 
en- thou, Moon, proceed no farther. in thy Path: Sinee the 6 
conſtant Motion of thoſe Luminaries, in the Teleſcopes, | 4 
00 does every Moment elude his utmoſt Efforts to accompli [i 
the abovementioned Deſigns. — ——— — | : 1 
Euphroſ. Well, and are thoſe great Points effected now | l 
by this new Clock, which I here obſerve in ſo elegant a 1 
Conſtruction! | | 3 i i 
 "Clien. They are, in a Degree ſuperior to any Thing x, 
that could be expected in ſo complicated a Machine, an f 1 
fully ſufficient to anſwer all the Intentions of the moſt Fil 
accurate Aſtronomer. It may ſeem very ſtrange, il 
that though it be wholly impoſſible to ſtop the Sun in its Fil 
Courſe, yet that it ſhould be ſo eaſy to fix, as it were, Ll 
his Rays, and thereby render him apparently motionleſs : . 
But nothing has been ſo arduous and paradoxical, hic | 1 
Philoſophers have not, at one Time or other, endea- Mp 
voured to effect, and often have found, to their great 10 
Satisfaction and to the Perfection of the Sciences, that | | 
they are far leſs ſo in Fact than in Appearance. The firſt! Tilt 
Step towards the Diſcovery of this univerſal, optical, i 
and aftronomical Clock, was the Invention of Sir Iſaac I 
Newton, in regard to fixing the Image of the Sun, by ft 
two Reflections from two Speculums in | Hadley's Qua- 1 
drant, as I explained to you in the laſt Converſation: | 
and fince it appeared, from the Experiment in the ſmall 1 
Machine you then ſaw, that the Beam of Light from a 74 
moveable Object was rendered ſtable by one Reflection, 15 
and of Conſequence the Image was thereby rendered i 
quieſcent, or at reſt, by a Reflection of that fixed Ray, ; | 
it was eaſy to conclude, that if Rays, thus fixed by a an 
firſt Reflection, could be thrown upon the Ohject-glaſs = 
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of a Teleſcope, by Reflection from a ſecond Speculum, 
then might the Image of the Object be made io. appear 
at Reſt through ſuch a Teleſcope, and this was ſoon 
found to be practicable, by Experiment: But then they 
found a conſtant manual Operatian was necellary, to 
keep the firſt Speculum moving, ſo as always to kecy 
the reflected Rays in one and the ſame Poſition in the 
Teleſcope Thus far went the illuſtrious. Inventor 
himſelf here in Exgiand, and the celebrated Farrenheit 
and Beffat, abroad. I | 
Euphroſ. This ſeems to be a large Step taken at once; 
but, pray, what was the next Enterpriſe, to render this 
Machine more perfect? | | 7 08 
Cleon. The next Improvement was an Addition of 
Click-work, by the late learned S' Graveſande, who, 
in a moſt ſuperb: Manner, conſtructed one of theſe 
Machines, by which the ſolar Beams, reflected from a 
ſingle Speculum, were rendered permanent, and con- 
ſequently fit for all Experiments of the Camera Obſcura, 
and all the Purpoſes of teleſcopic and aſtronomical Ob- 
ſervation. | 2 1 
Euphroſ. No doubt but ſuch an Atebievement in the 
Sciences was received with great Eagerneſs and Applauſe: 
J ſuppoſe, thoſe who had Occaſion for trying Experiments 
on Priſms, the ſolar Microſcope, &c. took the firſt Op- 
portunity of availing themſelves of this Invention, and 
that no public or private Obſervatory would be without 
ſuch a teleſcopic Clock. | | | LEN 
Cleon. Alas! my Euphreſyne, it is much to be wiſhed, 
the Fate of the Sciences were not ſo much like that of 
Virtue itſelf, viz. to languiſb under univerſal Applauſe: 
For notwithitanding the Philoſopher had, by this Means, 
rendered the Sun obedient to all their Wills, and fixed 
him for their View for every Kind of Obſervation, yet 
haye I never heard of a Purchaſer of one of thoſe noble 
Machines, nor have I converſe] with any Gentlemen 
who had ever ſo much as ſeen them. I thought it would 
reflect great Diſhonour for ſuch an Invention not to 
be found, in any Ezglih Author, and therefore procured 
2a Copper-plate of it to be engraved and publiſhed, to 
gratify fuch Engliſh Artiſts who might be willing to 
enquixe into its Nature and Uſes ; and this, as far as 1 


can 


- 
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can learn, is the only Appearance it has ever made in 


England.“. | | 

5 rc. b But J fee you have now proceeded farther, 
and conſtructed ſuch a Clock in Reality : Pray, is this 
the ſame as you mentioned before, of S' Graveſande, or 
is it with any additional Improvement ſince? © © 
Cleon. It has received ſeveral Additions from the ce- 
lebrated Philoſopher and Mechanic C. G. KraTzENSTEIN 
at Peterſburg, who has rendered its Conſtruction more 
univerſal, by adapting it to the Motion of the Planets, 
as well as that of the Sun, to which S' Graveſande was 
confined, together with ſome other Alterations and Im- 
provements, which render the Uſe of it more ſimple and 
eaſy : But even the Accounts which this Gentleman has 
given of the Machine, in the Commentaries of the im- 


perial Academy of Sciences, is ſuch as leſt ſufficient Room + 


for many Alterations to be made even in his new Con- 
ſtruction, Theſe I have attempted in the beſt Manner I 
could think of, and which makes the Appearance of the 
Clock as here exhibited to your View; and I can 
think of nothing more that can be altered, or added to it, 
to render 1t more fit for uſe. LY | | 
Euphroſ. As this Machine promifes ſo much Eaſe, 
with Exactneſs, in aſtronomical Obſervations, I ſuppoſe 
thoſe Machines that have been heretofore uſed for ſuch 
Purpoſes will now be laid aſide, unleſs the Expence 
ſhould be any Objection to this new Improvement. 

Cleon. The Expence is ſo far from being an Objection 
againſt it, that it is a very great Circumſtance in its 


Fayour ; it is deſigned to ſucceed what is uſually called 


the equatorial Teleſcope, which, by a large and complicated 
Syſtem of Wheel-work, puts it in our Power to find out 
the heavenly Bodies very readily, and to continue them 
in the Field of the Teleſcope, by a conftant Application 
of the Hand to the ſeveral Screws; by this Means, the 
Aſtronomer can make a ſhift to keep the Planet in View, 
but not to fix it there, which was the great Point wanting, 
and effected only by this new aſtronomical Clock: And 

| X 2 | mw 
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The Plate here referred to is to be ſeen in the Philoſophia 
Britannica, at the End of the Lecture on Optics. 
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yet, after all, the equatorial Teleſcope will colt" more 


than double the Price of this Machine. 


Emphrof. It the Advantages of this be ſo much greater, 
and the Expence ſo conſiderably leſs, I ſhould think there 
can be no Queſtion made of its being readily received, 
and greatly encouraged here. I ſuppoſe, by what you 
ſay, that which I here ſee is the firſt that has been made 
in England? | 

Clin. It is; and an Automaton of this Kind is a 
new Phznomenon in the King of Great-Britain's Do- 
minions. The Ingenuity of Clock- makers has hitherto 
principally appeared in ſhewing, befides the Hour of the 
Day, the Age and Phaſes of the Moon, the Day of the 
Month, the Equation of Time, and fome other Paiti- 
eulars of that Sort, which were judged to be uſeful or 
neceſſary in domeſtic Affairs: But, in regard to the 
Sciences, very little has hitherto been effected by Clock- 
work, the great Point endeavoured by the principal Me- 
chanies i in this Way is an eguable Motion, which is almoſt 
as impoſſible in its own Nature as a perpeiual Motion; 
both on Account of the Nature of the Materials of which 
ſuch Machinery muſt confiſt, and alſo from the Princi- 
ples of Mechaniſm themſelves, However, great Sums of 
Money have been expeaded, for improving Machines only 
to approximate thereto, it would be incredible were I to 
mention the exorbitant Sums that have been paid for 
Clocks and Pendulums on this Account; and yet, alter 


all, we find no ſuch Thing as an equable Motion in any 


tolerable Degree . Thoſe Pieces called Regulators, as 
the Machinery is the moſt ſimple, ſo their Motions are 
moſt equable ;. but even thoſe very Automata themſelves 
require to be regulated by ſydezeal, Obſervations, and 
every Clock hitherto propoſed is confined to the mean ſolar 
Time But the Clock we are now to diſcourſe of is of 
an univerſal. Nature, and ſhews, as well. the Lunar and 
Planetary Days as that of the Sun, by the Contrivance 
ef a Pendulum 2 25 for ſuch a Deſign, 


— 1 
— 


Et N. B. Lhave lately conſtruted a es CLock, with a 
halt-ſecond Pendulum, of an invariable Length, going 8 Days, 

of 2 ſee a further Account in a Treatiſe, biven wich che 
C106 
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Euphreſ. I. have not a clear Idea of what you mean 
by a Lunar, or planetary Day: Pray, Cleonicus, explain 
that Matter to me, that I may underſtand the Uſe of 
your Machine in its full Extent? OO 

Cleen. That I will do, as ſuch a Phraſeology is not 
as. yet very common; and, for this Purpoſe, I ſhall diſ- 
tinguiſh Days into four Kinds, (1.) A fidereal Day is 


that Space of Time which is taken up in one compleat 


Revolution of. the Earth upon its Axis, or, in other 
Words, the Time that paſſes from the Moment in which 
any particular Star is on the Meridian, to the Moment 
it returns to that Meridian again. (2,) A ſelar Day is 
the Time that paſſes from the Sun's leaving the Meridian, 
to its Return thither again: This Day we uſually divide 
in 24 Hours, (3.) The lunar Day is the Time which 
intervenes between the Moun's Departure from the Meri- 
dian, and her Appulle to it again. (4.) A planetary Day 
is the Time which the Planets ſeverally take in departing 
from, and returning to the ſame Meridian. Theſe 
ſeveral Sorts of Days are of a very different Length from 
each other, and the three laſt conſtantly variable among 
themſelves ; eſpecially thoſe of the Moon and Planets : 


And as the Deſign of this Clock is ta ſtop the apparent 


Motion of theſe Luminaries, it is neceſſary the Index of 
the Clock ſhould be adapted to a Motion analogous to 
thoſe of the heavenly Bodies themſelves, which is effected 
by a Pendulum of a different Structure from any that 
has yet been made, as none of the common Sort would 
commodioufly anſwer this End. 

Euphroſ. Then, if I apprehend you ri ht, when you 
purpoſe to obſerve the Sun, you adapt the Pendulum 
for moving the Index in ſuch a Manner as to ſhew 
ſclar Time, or the 24 Hours of the common Day. 
But how do you proceed with regard to the Moon and 
Planets ? © | 


. Clepn, As the lunar Days are almoſt an Hour longer | 


than the ſolar Day, the Pendulum , muſt be made to 
vibrate flower, ſo that the Index, or Hand of the Clock 
may be made to go once round in about 25, inſtead of 
24 Hours; for the longer the Time is of the diurnal 
Revolution, the flower the Pendulum mutt move of 
Courſe, that the Hand of the Clock may correſpond to 
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the Motion of the Planet. Thus, for Inſtance, the 
longeſt lunar Day is almoſt exactly 25 Hours, and there- 
fore, if | make the Vibration of the Pendulum flower, 
in the Proportion of 25 to 24, the Index of the Clock 
will keep Time with the Moon for that Day, in ſuch 
Manner, that were you to obſerve the Moon through the 
Teleſcope, by the Rays of Light reflefted into it from 
the Speculum of the Clock, ſhe would appear fixed, 
or immoveable in the Field of View, and you would have 
the utmoſt Pleaſure of viewing her variegated Face without 
any Interruption from her Motion; of which ſignal 
Curioſity, I ſhall give you a remarkable Inſtance, by- 
and-by, by Way of Experiment, after we have refreſhed 
ourſelves at the Tea-table.————But as for the Planets, 
their Motions are, ſome ſlower, and others quicker than 
that of the Sun; their Days will therefore be, in Pro- 
portion, ſhorter or longer than the /olar Day. Thus, for 
Example, ſuppoſe Saturn upon the Meridian, together 
with the Sun, this Day at Noon, then, as the Motion 
of Saturn is flower than that of the Earth, in its Orbit, 
or Sun in the Heavens, the Earth, in revolving upon 
its Axis, will ſooner bring the ſame Meridian to Saturn, 
than to the Sun; and, therefore, when I ſhew you that 
Planet through the Teleſcope of the Machine, in order 
that he may remain quieſcent in the View, it will be 
neceſſary for me to accelerate the Motion of the Pendu- 
lum in Proportion, as the Saturnian Day is ſhorter than 
that of the Sglar One. On the other Hand, if it be pro- 
poſed to view the Planet Mercury, as his diurnal Motion 
in his Orbit exceeds that of the Sun, then, if I retard 
the Motion of the Pendulum in ſuch Proportion as the 
mercurial Day exceeds the Length of the ſolar Day, will 
ou have a View of this Planet fixed, or permanent as 

if really motionleſs in the Heavens. And this Proceedure 
is the ſame with regard to any of the other Planets; 
and this is called, rectiſying the Machine for planetary Ob- 
ervattons. . E446: © 
Euphroſ. I ſuppoſe it will alſo require to be rectified 

| for the Latitude of the Place, ſince I perceive your Clock 
3-308 is not in a perpendicular Poſition, like other Clocks ; 
1 VE but inclined to the Horizon in a certain Angle. | 
| | 
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CJeon. It is true; the Face or Plane of the Clock 
muſt ever be parallel to that of the Equator, and there- 
fore inclined, in the ſame Angle, to the Horizon; and 
conſequently the Clock muſt be rectified to the Latitude 
of the Place where it is uſed; on which Account, the 
Fulciment, or Supporter at the End of the Hour-Index, 
which carries and directs the Index of the Speculum, muſt 
alſo be longer, or ſhorter, in Proportion, as the Latitude 
is greater or leſs; for, otherwiſe, if this be not ſcrupu- 
louſly obſerved, the Luminary will not appear fixed in 
the Teleſcope, We: 

Euphroſ. I farther imagine, by another Part of your 
Apparatus for the Speculum, that that alſo muſt be recti- 
fed, or adjuſted to the Sun's Declination at different Times 
of the Year. | 

Cleon. In this you alſo conjecture right; for, accord- 
ing to the different Declination of the Sun, North or 
South of the Equator, fo the Speculum muſt conſequently 
have its Height above, and Diftance from the Clock 
properly altered: To which End, you obſerve, a due 
Proviſion is made by Sliding-bars, which are adjuſted, by 
Screws, to a great Exactneſs in each of theſe Reſpects; 
and becauſe the Declination of the Moon and Planets, 
from the Equator, never exceed 30% ©, it was not 
neceſſary to provide for viewing any Objects beyond that. 

Euphroſ. Do you not likewite find it neceſſary to adjuſt 
the Machine, in regard to the Meridian and Horizon ? 

Cleon, Yes: Theſe are alſo Articles to be nicely 
obſerved ; and in order thereto, you take Notice of a 
curious magnetical NEEDLE and CoMPass placed in a 
proper Part of the Machine, by which it is placed due 
North and South + ——— And then, with regard to his 
horizontal Poſition, you ſee there are two Spirit-levels 
placed at Right-angles to each other, by Means of 
which, and four adjuſting Screws, the Machine in all 
its Parts is truly placed in a horizontal Poſition, Theſe 
Things are all of them eaſy to be performed for any given 
Time, as is evident by Inſpection. 

Euphroſ. But, as the Speculum has its Height con- 
ſtantly varying above the Baſe of the Machine, it ſeems 
neceſſary that the Teleſcope ſhould always keep Pace 
with it, or be elevated, or depreſſed, exactly in the 
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flexibility, and Colours of Light: Alſo, his ſolar 
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ſame Degree: To which Purpoſe, I ſee the ſame, Con- 


trivance applied by 'Sliding-Plates and adjuſting- Screws, 


for fixing it in the required Poſition. If there be any 
farther Particulars relating to its Rectification, you will 
be kind enough to mention them, as I am impatient to 
ſee the Effects of ſo exquiſite and uncommon a Machine. 
Cleon. Nothing remains now but to rectify the Ma- 


chine, and ſhew you the Uſe of it, which, at preſent, 


muſt be confined to the Sun: We have juſt now half an 
Hour for that Purpoſe. To this End, it will be only 
neceſſary to put to the Window-ſhutters, and let a Beam 
of the Light come through a Hole, made in one of them 
of a ſufficient Width, that it may, for ſome Time toge- 
ther, fall upon the reflecting Speculum.—This you ſee is 
done, and the Sun-beam is reflected in a Poſition parallel 
to the Floor, and falls on the Side of the Room, which 
reflected Beam you will obſerve continues immoveable, 
or always retains the ſame Poſition or Direction. 
Euphroſ. To prove this, I muſt make a Mark with 
my Pencil in the Side of the luminous Spot, and then 
I can eaſily obſerve if it moves or not. A ſufficient 
Time has paſſed to have obſerved the Motion, if there 
was any By this Time I am fully convinced that the 
reflected Beam is perfectly quieſcent: It is not with- 
out ſome Degree of Surprize, and equal Pleaſure, that I 
obſerve this new and very extraordinary Phænomenon, 

a Beam of Light fixed and motionleſs ! | 
Cleon, It muſt afford the higheſt Satisfaction to every 
Virtuoſo in Optics, to have the ſolar Beam tranſmitted 
into his Room, and there, by this Means, rendered con- 
ſtant and imnioveable, for Hours together, without the 
leaſt Trouble to himfelf ; while he may fit down, and, 
at his Pleaſure, apply his Priſms in all the Variety of 
Experiments relative to the different e non Re- 
Micro- 


ſcope, for magnifying ſmall Objects, may here be applied 
without that expenſive Apparatus that uſually attends 
them, the Wilſon's Part only being here ſufficient for all 
ſuch Purpoſes ; eſpecially if, inſtead of the plain Specu- 
lum which you now ſee applied to the Clock, one con- 
ſiderably concave was placed in its Stead; ſor then 
would the Rays of Light be reflected — to i 
5 8 „ nous: 
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Focus,” and in this converging State, Wilſon s Microſcope 
might eaſily be applied, on a proper Foot or Stand, and 
all rann. thereby Fame wich. mg utm 
Kale. GE page 7 

-: Euphreſ. | This 1 plainly perceive ;. ard; many . 


| Uſes make no Doubt == ſuch a permanent Beam of 


Light, in its various Forms of parallel, diverging, and 

converging Rays, may be made to anſwer, by thoſe Wh0 

are curious in this Science. But I want to have a 

View of the Sun through the Teleſcope, which I obſcare 
you have taken off from the Machine. 

Clean. I will replace it, and adjuſt it, that you may 
ſay, tor once, you have ſecn the Sun without Motion. — 
There, look through it. | 

Euphroſ. I behold the glorious Orb, which nearly fills 


the Field of View: — And there I os it remains without 


With how much 


the leaſt Tendency to Motion: 


Pleaſure, now, 1 view the Spots on the ſeveral Parts of 


his Diſk, and their relative Poſitions :>—T have now an 
undiſturbed: View of every Part of that wonderous Body, 
which 1 never beheld in any ſuch Perfection before :- 
It gives me great Pleaſure and Delight, to ſee the Sun 
fland ill by ſuch a plain and ſimple Contrivance of Art: 
One would wonder, that a Thing ſo very curious 
in its Nature, and yet ſo very plain and eaſy in itſelf, 
ſnould not long ere now have been found out. 

Cleon. There ſeems to be, for the continual Endertzin- 
ment of Mankind, a gradual Diſcovery both in the Works 
of Nature and Art. It is not conſiſtent with the Notions 
we ought to form of a wiſe Providence, that it ſhould at 
once open all the Scenes of Knowledge to the Views of 
Mankind : This would rather confound and perplex, 
than inſtruct and amuſe them; and it appears, by Expe- 
rience, that every Age, before it can be thoroughly 
inſtructed in the Doctrines of former Times, has a great 
Variety of Novelty to excite and exerciſe the Ingenuity 
of Men, But to return: You have ſeen the Sun 
itſelf quieſcent through the Teleſcope; you will, in the 
next Place, be no leſs pleaſed to fee the Image of this 
great Luminary tranſmitted through the Teleſcope on 
the Side of the Room, as ſoon as you remove from your 
Place, un] move the Screw on the Side of the Pele- 
ſcope 
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ſcope but a little, and you ſee the ſolar Diſk, with all 


its Spots, depicted/on the Side of the Room, as motion- 


leſs as a Picture in a Frame: You may there draw the 


Circle and delineate all the Spots, and thus make a Map 

of the Sun with Eaſe and Pleaſure, ER 
Euphroſ. This is a moſt curious Effect indeed, and one 

of the moſt ſublime Experiments I have hitherto ſeen: 


Ihe Sun itſelf, the Beam, the Image, the Spots, 


are all, by this Means, permanent and fixed, and, con- 
ſequently, muſt thereby give the higheſt Satisfaction in 
all curious Enquiries of Nature, and anſwer the utmoſt 
Expectations of Aſtronomers, —— But now let us 
adjourn to Tea: I am perſuaded, by this Time, you 
ſtand in Need of ſome Refreſhment.— | 
Cleon. I promiſed you, as ſoon as it became dark, to 
entertain you with a View of the Moon and the Planet 
upiter, through this © horological Teleſcope, and we 
ve now a moſt delightful Opportunity for that Pur- 
poſe :—The Evening is very clear and mild, and the 
Moon and Planet preſent themſelves fairly to the View. 
Euphroſ. We could not have wiſhed for an Evening 
more ſerene :—But your Machine, I preſume, will want 
adjuſting before I can have the Pleaſure of any lunar 


Aſpects through it. You told me the lunar Day was 


longer than that of the Sun, and that therefore the Pen- 
dulum muſt vibrate flower to adjuſt the Clock to lunar 
Time. | 

Clean. This is.previouſly neceſſary to be done; for, by 
the Nature of this Pendulum, the Clock may be adjuſted 
to any Sort of Time without altering its Length, or the 
Uſe of any ſecondary Bob, or Ball to be ſcrewed up and 
down, as in common Pendulums : — l have ſet it now to 
the Time of the preſent lunar Day: I find, by the 
Ephemeris, that the Moon will culminate this Night, or 
be upon the Meridian at three Minutes after XI, there- 
fore I move the Hour- circle about till ſuch Time the 
common XII o'Clock Line cuts that Hour and Minute: 
Thus is the Hour-circle adjuſted for the Moon. 
Then IJ place the Hour-Index to the preſent Moment of 
Time, which is half an Hour after VII. Laſtly, 


I adjuſt the Speculum to the Moon's Declination, and 


placing the Machine due North and South, you will 


find 
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itſelf in this ſteady and uninterrupted View. 
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find the lunar Rays, reflected from the Speculum into 


the Teleſcope, will preſent you with the Phaſes of that 


nocturnal Luminary without any Interruption from its 
Motion. Lou may now replace mages in your Chair 
and view them. 

Euphroſ. *Tis delightful, thus to. ſet at my Eaſe 
and view the beſpangled Face of the Moon as long as 
I chuſe : I have now nothing to do but to feaſt my 
Eyes with that wonderful Variety which there appears: 
I have often viewed her dark and brighter Spots, but 
never had fo clear an Idea of all together as now preſents 
It 
ſcems all one, as if I viewed a real Map of the Moon 
drawn with infinite Art and Perfection. As I un- 
derſtand, pretty well, the Rules of — could 
find no Difficulty in making an exact Copy of this 
celeſtial Prototype: Which brings to my Mind, 
how often I have wiſhed that ſuch a Thing as this could 
be rendered feaſable, that we might have the Pleaſure of 
viewing the Moon in an adequate Repreſentation, or a 
Natural Map thereof, as I am fully convinced nothing of 
that Kind, of ſeven or eight that I have hitherto ſeen, can 
any how deſerve that Title, or be eſteemed a tolerable 
Copy of the Moon. 

Clen. What you obſerve is with too much Reaſon; 
the World abounds with Maps of the Moon, and ſome 
of the Sun; but they who made the latter, one would 


naturally think were born blind; at leaſt, it could never 


be ſuppoſed they had ever feen the Face of the Sun thro? 
a Teleſcope, as there cannot well be a greater Difference 
between the uniformly ſmooth and glowing Face of the 
Sun, decorated only with a few ſmall Spots, and that 
ſhocking Repreſentation thereof by Father K:rcher, full 
of Flames and Vulcanos. it is too eaſy a Matter to 
view the Face of the Moon in a common I elefcope, not 
to be able to make ſome Reſemblance of her; but {till 
it is evident, from all the Maps of the Moon I have- 
hitherto ſeen; that Refemblance is fo diſtant, and ſo im- 
perfect, as to be ſcarcely allowed to be called a Portraĩt 
of the Lincaments and native Beauties of her Face. 
In ſhort, our Selenography is the moſt imperfect Part of 
all our Astronomy; but you ſee, by this Machine, how 
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eaſy it is to make an exact Draught of the Moog, even 
Juſt as eaſy as to take a Copy of any Family Piece placed 
on the Eaſe] before you. Nay, even thoſe who have 
no Skill in Drawing, by Means of a proper Lattice of 
Squares placed in the Focus of this Teleſcope, might, 
11 this Manner, be able to make an accurate Map of the 
oon. ä 
Fupbroſ. This noble Invention makes all the Diff 
culty of conſtructing a juſt Map of the Moon vaniſh, as 
here is nothing to divert or interrupt his Pencil or his 
Fancy.—But I ſhall be too tedious, therefore haſten to 
ſhew me the Planet; for I conſider that you have done, 
as it were, double Duty this Day, and that you will not 
be a little fatigued. Texts | 5 
Cleon. Never fear me, my Zuphroſyne Why ſhould 
not I be able to talk two Hours, as well as ſome of your 
Sex a whole Day together. But now for the Planet: 
the Scene muſt be altered, the Jovian Day is ſhorter than 
that of the Sun, and therefore the Pendulum muſt now 
be adjuſted-to beat Time to Jupiter: — Alſo, the Specu- 
lum muſt be adapted to its Declination from the Equator ; 


17H and as he was upon the Meridian at VII o'Clock this 
Wl Evening, and it is now juſt turned of VIII, therefore 
1 bring the Hour of VII to the Meridian Line of the 
' "i Clock, and place the Hour-hand to the preſent Minute 
„ after VIII, and thus is the whole Machine, in all its 


—— water Ve, 


Parts, adjuſted to view the Planet, undiſturbed by the 
Motion of the Earth about its Axis, or his own real 
Motion in his Orbit :——— As ſuch you may now 
view it. | 3 
EFupbroſ. I view him in perfect Serenity and Reſt; 
A charming View of his ſpacious Diſk regales 
my Sight: ſee three of his Moons with great 
Diſtinctneſs; but one of them is either eclipſed or ſuffers 


an Occultation. He continues ſtill in the ſame Part 


, x n 


by Wigs 
* I ee on 
— — — — 


cy 


"rare 
- 
a. 


_ 


A 16-5 <tr 


PISS Ie RE, 2 
* 


* 
F 


1 
*. 
wy *. Ka, 


of the Field. ——This muſt, ſurely, give a fair Op- 
portunity for obſerving the Eclipſes and Occultations of 
theſe Satellites, and conſequently for diſcovering the 
| Longitude, which, I have often heard you ſay, is more 
feaſible by this Method than by any other. 


Cleon. Y our Obſervation is very juſt 1 This Clock 5 
will be of ſingular Benefit ty Mankind in that Pargigulary 1 
| | | | | Ince, 
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Fince, in whatever. Part of the World it is uſed, the 


Longitude of that Place will be hereby diſcovered with 


the utmoſt Eaſe and Certainty. In ſhort, from the 
Nature of the Thing, it is moſt evident, that no aſtro- 
nomical Obſervations can be made with Eaſe and Exact 
neſs by any other Means than this, which will be ſufficient 
to recommend 1t to all the Studious in natural Science, 
as an Object of the greateſt Curioſity and Utility to 
Mankind. Having thus given you a particular Ac- 
count of all the uſeful Conſtructions of optical Inſtru- 
ments, I ſhall endeavour to prepare you, at the next 
Opportunity, for perceiving the infinite Wiſdom in the 
Conſtruction of the Organ of Sight, or Viſion, in the 
natural Mechaniſm of the Eye, by a few previous Spe- 
png on the Nature and Effects of ſingle Glaſſes or 

3 | 5 
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"DIALOGUE XVI. 


On the NATURE and USERS of SINE 


LENSES, both Convex and Concave, applied as 
READING-GLASSES, ViSUAL-GLASSES, 
and BURNING- GLASSES. e 


Euphroſyne. 921707 

T gives me the greateſt Pleaſure to find we are ap- 
proaching towards an Enquiry into the natural Con- 
itution and Mechaniſm of the Eye, which you propoſe 
to explain to me, by a Diſſection of the ſame, and a 


particular Aecount in what Manner every Part is con- 


ducive to ſo noble an End: But you tell me, I muſt 
be previouſly acquainted with the Uſe of ſingle Glaſſes, 
the better to comprehend the ſame; and accordingly I ſee 
you have a great Variety of conyex and concave Lenſes, 


dpectacles, &c. ſpread before me on the Fable. 


Cleon. I have provided ſuch an Aſſortment only as will 


_ Elaftes, or ſuch as aſiſt the Sight by a ſingle Application 
of them ta the Eye.———But here I do not ſuppoſe 
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you are ignorant of the Nature of a convex Glaſs in 


general, or of its Uſes in the Conſtruction of optical 


Inſtruments, which I have exemplified to you in ſo many 
Caſes.— You very well know; that if an Object be 
placed on one Side of ſuch a Lens, at more than its focal 


Diſtance from it, the Rays, proceeding from every Point, 


diverging upon the Glaſs, will be refracted through it, 
converging to ſo many Points on the other Side, which 
form the Image thereof. Vou have alſo been taught, 


that when an Object is placed juſt at the focal Diſtance 


of the Lens, the Rays will then be refracted parallel to 
each other, and thereby fitted to produce diſtinct Viſion 
of ſuch an Object: This you had an Inſtance of in thoſe 
very ſmall Lenſes which are uſed in ſingle Microſcopes : 
—— But there is one Caſe yet remaining, in which 
both convex and concave Lenſes become extremely uſeful 
to Mankind, which has not yet been explained : And 
that is, when the Object is placed between the focal 
Point and the Glaſs itſelf. 7 
Euphroſ. This Caſe is indeed new to me, and I ſhould 
be very much -pleaſed to know in what Manner theſe 
Glaſſes are rendered ſerviceable to us in this Reſpect. 
When an Image is formed of an Object, by a Lens, I 
can eaſily conceive how that Object may be contem- 
plated in its Image; —— alſo, I know, that when an 
Object is placed in the Focus of a Lens, it becomes in 


itſelf thereby viſible ; — hut when it is placed nearer 
to the Glaſs than its Focus, I have no Idea which Way 


» — 


the Object becomes magnified to the Sight. 

Cleon. Vet this you muſt underſtand before you can be 
properly ſaid to know the Theory, or Rationale of a 
common Reading-glaſs, which, you know by Expe- 
rience, has a magnifying Power, and may be as pro- 
perly called a Megalaſcope for magnifying large Objects, 
as very ſmall Lenſes are called Microſcopes for magnify- 
ing ſmall ones. Thus, the Page of a ſmall printed 


Book may, in itſelf, be conſidered as a large Object, 


while the Words and Letters are too ſmall to be eaſily 
read by a ee Eye, and not at all by one whoſe Sight 
is rendered in any Degree deficient by Age, or other 
Accidents: But when a large Convex Glaſs, in this 


Caſe, is applied between the Book and the Eye, the 
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Page becomes greatly dilated to the View, and the 
{mall Characters appear as a large and eaſily legible Print. {54 
EZuphreſ. All this I know very well, as J am oftentimes oy 
obliged, in Caſe of ſuch very ſmall Prints, to make Uſe l 
of a Reading-glaſs myielf; but how this magnifying 154 
Power is produced, I am {ti} at a Lots to apprehend, and 1H 
muſt beg of you to explain. A Onur ger 75 
Cleon. This I will do in the beſt Manner I can; but 
it muſt be by a Diagram, as no real Image of an Object 
is, in this Caſe, formed any where but in the Eye 2 
To this End, therefore, let EC D be ſuch a Reading- * 
glaſs, or Convex Lens, and let F be the Focus in the 
Axis FN; on C the Center of the Lens, with the Di- 
ſtance C F, deſcribe the Arch of a Circle QF P, draw 
the right Lines QC and PC, making any Angle with ? 
the Axis F C on either Side; then, in the Line QC, | 
let any Point, A, be taken, and from that. Point let the 
Lines AE, and A D be drawn, to repreſent two diverg- 
ing Rays iſſuing from that Point on the Convex Glaſs. 
Now, you know, it is the Property. of a Convex Lens to 
bring diverging Rays, which fall upon it, nearer together 
after Refraction, and therefore the Rays A D and A E, 
inſtead of purſuing their firſt Directions to I and L, will, 
by the Lens, be refracted nearer together, viz. into the 
Direction DK and EM: If then theſe: Lines D K 
and EM, as they are inclined to each other, be continued 
out, they will meet in a Point G in the Line QC. All 
this, I ſuppoſe, is very plain from the Figure, my 
Euphroſyne. | : | 
Euphroſ. So very plain, that it can admit of no far- 
ther Explication. But what am I to infer from thence ?' 8 
 Cleon, This much, that the Point A, being not far 
from the focal Diſtance Q, will cauſe the diverging Rays 
AI and A L, after Refraction into D K and EM, to be 
not much different from parallel Rays, and therefore will 
produce diſtinct Viſion of the ſaid Point A: — But 
then the apparent Place of the Point A will be much 
altered; for ſinee the two refracted Parts D K and E M 
enter the Eye, as if they came from the Point G, they 
will there repreſent the Point A; ſo that the apparent 
Diſtance of that Point will be much greater than the 
real Diſtance C A. This, I ſuppoſe, yau can likewiſe 
ſee from the Diagram? 
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Euphroſ. Nothing is more evident; and at the ſamt 


Time I obſerve, from your Drawing, that on the other 


Side of the Axis the Rays proceeding from the Point 
B will, after Refraction, repreſent that Point at H. 
Cleen. Your Inference is juſt ; and I ſee, by that, 
you have a clear Idea in what Manner the Points A and 
are removed to the Diſtances G and H reſpectively 
from the Glaſs; and that therefore all the Space con- 
tained between A and B will be expanded into the Length, 
or Space contained between G and H ; and conſequently 
any Objects contained between A and B will be enlarged 
in Appearance, in the Proportion of the Diſtance be- 
tween AB to the Diſtance between G H, that is, in the 
Ratio of AC to GC: and conſequently, if the Page of 
a ſmall printed Book be placed at the Diſtance of AC 
from the Glaſs, and parallel to it, the Words, or Print 
of that Page, will appear enlarged in the ſame Proportion 
as G C is larger than A C, with reſpe& to their Diame- 
ters or lineal Dimenſions: But the whole Area, or 
Surface of the Page, will be enlarged or magnified in 
Proportion as the Square of AC is to the Square of G C. 
Euphroſ. This I fee very plainly illuſtrated by the 
Words, God ſave the King, in ſmall Print between A B, 
and in much larger Characters between G H. Pray, 
Cleonicus, is there any general Rule to be obſerved, for 
holding the Reading-glaſs, with Reſpect to the Eye and 
the Print ? | 
Cleon. There is, my Euphroſyne : For by the 
Mathematica] Theory we learn this Rule, the Diſtance -4 
the Object A C and that of its magnified Appearance G C, 
is always in the Proportion of the Diſtance of the Object 


from the Focus A Q, to the Diſtance QC of that Focus 


rom the Glaſs ; and, conſequently, from hence you will 
obſerve, the leſs AQ is, or the nearer the Object is held 
to the Focus of the Glafs, the more it will be magnified ; 
and ſinee the Rays paſling through the Glaſs differ but 
little from parallel! Rays, it will give a diſtin& View of 
the Object fo magnified ; and by moving the Glaſs one 
Way or the other ever fo little, you will immediately find 
the Poſition of the Object, and the Glaſs where the 


Field of View and magnifying Power will beſt ſuit the 
Eye. But this is a Point which we are directed to by 


Nature, 


= a 
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Nature, without any Rules of Art. And this; I think, 
is as much as 1 can ſay with t td the Nature and 
Uſe of -a'READING=GE ASS; | 

Eupbroſ. Is there nothing n with lad to 
the Size, or focal Length of thoſe Glaſſes, by which 
we may bet directed in the Choice of them ? _ 
Clenn. Yes, moſt certainly; for if it be propoſed 
to read with both the Eyes, then, in ſuch a Caſe, the 
Glaſs muſt be ſufficiently large to tranſmit the Rays 
from the Object to both the Eyes, and, conſequently, 


2 not to be leſs than three Inches in Diameter: 


The elliptic Form is alſo preferable to a round 
one, in a Reading-glaſs : and, laſtly, the longer 
the focal Diſtance, the leſs. irkſome is the Effect to the 
Eye. But in this Reſpect, the Eye muſt be conſulted, 
and the magnifying! Power of the Glaſs muſt be ſuch as 
is required. 
Euphroſ. What is the Difference between theſe large 
NReading-glaſſes and ne or Viſual Glaſſes, as you 
call them. 
Cleon. The Nature and Effect of both are much the 
ſame, only the Viſual Glaſſes, being diſpoſed in a pro- 
per Frame, may be, in different Ways, applied to the 


Eye, without being held in the Hand; and, therefore, 
leaving both Hands at Liberty, they are much better 


ſuited to all Occaſions of Reading, Writing, Working, 
Sc. than a manual Glaſs can be; ——Beſides, the 
Viſion is more diſtinct and perfect through two Glaſſes; 
than by one alone; becauſe the Axis of each Glaſs, 
when they are properly fixed in their Frames, may be 
made to eoincide with the Axis of each Eye reſpectively; 
and therefore the Rays of every Viſual Peneil will be 
much more naturally refracted to the Eye, than they 
can be through a ſingle Glaſs, where only the colla- 
teral Rays of ſuch Pencils can enter the Eye, by which 
the Viſion can be neither fo eaſy or perfect as in the 
former Caſee. 

EFuphroſ. But what is che Reaſon of this black Circle 
or Ring of Horn about the Glaſs ? | 

Cleon. There is more Reaſon for this than many 


Perſons are aware of : the Pupil of the Eye is but ſmall, 


and no more Light can be of Service to V ifion, than what 
Vo. II. enters 
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enters that Pupil: a Spectacle-glaſs, therefore, but little 


bigger than the Pupil of the Eye, would be ſufficient 


for converging a Pencil of Rays to the Eye as large as 
that which now enters it from the wideſt Glaſs; there- 
fore, all that Part of a Pencil, ſo very large, as falls on 
ſuch a Wide Glaſs, muſt, by far the greateſt Part, be 
loſt upon the Eye : but that is not the worſt Conſequence 
of a broad Glaſs ; the great Quantity of Light which 
falls upon the Ball of the Eye cannot fail, by ſuch a 
conſtant Suffuſion, to diſturb and render Viſion indiſtinct, 


by that which really enters the Eye: not only ſo, but 


the conſtant Action of Light upon the Ball of the Eye 
muſt have a ſenſible Effect, in Time, in weakening the 
ſame, and produce, gradually, thoſe Changes and Alter- 
ations in its Texture as muſt be attended with Uneaſineſs 
to the Perſon, and injurious to all the Purpoſes of 
Viſion : ——— Therefore, to prevent, as much as 
poſſible, ſuch bad Effects, the circular Zone, or Ring 
of Horn is applied on the Out- ſide of the Glaſs, to cut 
off ſo much of the collateral Rays, or hurtful Part of 
Light: and were this Rim broader, and of Courſe the 
Glaſs narrower, it would ſtill conduce more to the Per- 
fection of Viſion: But as there is no Convenience with- 
out an Inconvenience, the making the Glaſs narrower 
would be apt to contract the Field of View too much; 
the Diameter, therefore, of the Glaſs muſt be left ſo 
large as will admit of a ſufficient Extent of View, for 
all the Purpoſes required; and all that is more, is detri- 
mental, and ought to be excluded. 5 
Euphroſ. I have no Occaſion, as yet, to experiment 
the Truths you have been now advancing ; but I judge 
of their Reaſonableneſs from the Structure of optical 
Inſtruments, and from the Make of the Eye itſelf; for 
in all Microſcopes, Teleſcopes, &c. Jobſerve a Diaphragm, 
or Stop is placed in the Focus of the Eye-glaſs, to 
circumſcribe the View within proper Limits: And alſo, 
the Apertures of Object Lenſes adjuſted to a peculiar and 
determinate Size, for Admiſſion of one requiſite Degree 
of Light, in order to produce diſtin Viſion in thoſe 
Inſtruments : And I-make no Doubt that the ſame Reaſon 
holds, for the ſmall Size of the Aperture, or Pupil of 


But as I ſhall, at other Times, 
diſcourſe 
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diſcourſe with you farther on this Subject, you will give 
me Leave to aſk one Queftion concerning Concave Lenſes : 
How they become fo uſeful to ſhort-{ighted People, as T 
find they are uſeful to them only ? 

Cleon. The Nature and Uſe of thoſe Lenſes will be 
better underſtood, after you have ſeen a Diſſection of the 
Eye; and then the Uſes of theſe, and alſo of Convex 
Glafſes, will be exemplified with” Experiments of- an 
artificial Eye. 1 

Euphroſ. Are there any other conſiderable Uſes to be 
made of Convex, or Concave Lenſes ? | 

Cleon. There is one of a very extraordinary Nature, 
viz, the Power of BURNING, which is the Effect of very 
large Convex Lenſes, and Concave Speculums; this 
they perform by converging the Sun's Rays into a very 
ſmall Space, or into what we may properly call the 
Solar Spot, or Image of the Sun : And it is well known, 
the ſmaller the Space is into whieh a given Quantity 
of Rays can be collected, the more Denſe they will 


be, and conſequently the more powerfully they will act 


or burn, | 
Euphroſ. TI have heard much concerning the wonderful 


Effects of Glaſſes of this Kind, with Reſpect to their 
burning Power; but have ſeen little or nothing of it 
more than the common Experiment of lighting a Pipe, 
or making a Piece of Wood ſmoak with a common 
Burning-glaſs. | | 
Cleon. Theſe are trifling Effects to what are produce- 
able by theſe Kinds of Glaſſes. But as I know you will 
not be ſatisfied with the mere Relation of Facts, - though 
of ever ſo wonderful a Nature, without fome previous 
Ideas of the Reaſon and Cauſe of them, and, as in this 
Caſe, it is not very difficult to be underſtood, I ſhall 
give you the following conciſe Rationale thereof: — 
You have ſeen that every Object has its Image formed 
by a Convex Lens, and Concave Mirror, in its Focus; 
accordingly, the Sun itſelf will have its Image produced 
of a ſenſible Magnitude, becauſe, as I have formerly 
told you, the Object and its Image ſubtend equal Angles 
at the Glaſſes; and therefore, becauſe the Angle under 
which the Diameter of the Sun appears is full half a 


Degree, therefore, alſo, the Image of the Sun will 
| ä ſub 


SL 


5 9 MG 
— IE; 8 Crt — 2 —— * * N 
erer ** 3 _- — 2 
da n 08 — — nne 2. 2 TIT — 
v ome SECIS. £ — © we For” 
N a — — 


r 


- 
As 
——_—% E 
8 2 EE. N =s. 


I = 
at => n Mon 
* * —— 

—— 


MN — — — 4 


S 


* 2 NIE] . LOS 
04. « Silla ge . A ee ory rag o ry 


75 
* 
* 
a&. 
& 7 4 
2 
4 14 
4 
* * 
£4 IS 
_ 
* 
"= 
> 
BF 
MLT i 
7 
* 
; G 
2 3 
- #8 
> 74 
"> 1 
T5 
ES- 4, 
#177 
SY, 5 
. 
3 
$54.59 
LE 
a. 5 
"4.4 
KIT 
n 174 1 
3.4 388 
K 
33 
„ 
11 
EL 
2, 2289 
8 181 
1 . 
i+ 12 
\ { 7>Y; 
F 4 * 
1 "IS... 
8 
4X 
1 
£ 8 = 
=_— „ 
7 Fi *S 
4 
5 TX 
1 
17 
W 
. 
4 ' 
1 
11 
1 as 
3 
1 
{ 
4 
1 
bu 1 
= 
4 
£ 
4 : 
50 
. 1 
7 
1 
+ 
b : 
4 
- £ 
: 


* 
7 
1 
4. 
* 
7 
* 
4 
7 
- 
1 
1 
; 
A 
F. 
* 
5. 
45 
. 
9 
7 
** 
12 
2 
” 
& 
4 
- 
1 
© |. 
Ws 
* 
2. 
K-77 
18 
12 
FF? 
14 
£ * 
4 
= -. 7 
TT © | 
4 * 
4 
, 4 
1 
.* $0 
£7 
# ; 
+ bs 
. 
» 
& x 
2 * 
©: 
it 


2 


232 
eee 
= * " 4 . 
< 4 '- - — * - 


E * ren. 


„ 


324 THE YOUNG GENTLEMAN 


ſubtend an Angle of half a Degree at the Glaſs: Had 
the Sun been at an infinite Diſtance, it could have 
ſubtended no ſenſible Angle at all, and its Image would 
have been a Point in the Focus of the Glaſs; but that 
is not the Caſe; for, in the Focus of all Glaſſes, the 
ſolar Spot, or Image, is of a ſenſible Magnitude, and 
may be meaſured and compared with the Area of the 
Glaſs itſelf. | 

Euphroſ. If I underſtand. you right, all the Rays 
which fall upon the Surface of the Glaſs are collected 
into that circular, and very luminous Spot, which we 
call its Focus, and then the Rays of Light will be 
denſer in that Spot, in Proportion, as the Surface of 
the ſaid Spot is leſs than the Surface of the Glaſs; and, 
conſequently, their Diſpoſition to burning. But what 
will be the moſt convenient Method of meaſuring this 
folar Spot? | 

Cleon. Vou may very readily hold a Box-ruler, divided 
into Inches and Tenths, and thereby eſtimate the Diame- 
ter of the ſolar Spot in 'Tenths of an Inch: But this 
Method will not do in all Caſes, I ſhall therefore propoſe 
one that will. It happens very luckily that, with 
the Radius or Diſtance of ſix Inches, one Degree is very 
nearly equal to r of an Inch; therefore, at the focal 
Diſtance of 12 Inches, half a Degree will be equal to 
1 of an Inch, or that will be the Diameter of the 
ſolar Spot of a Lens whoſe focal Diſtance is 12 Inches. 
Now this Spot in a Lens of twice, or three 
Times that focal Diſtance, will be twice or three 
Times as large; fo that in a Lens of four foot Focus, 
it will be s of an Inch, and ſo on for other Lengths in 
Proportion. | | 

Euphroſ. This I clearly apprehend ; but what is your 
Inference from hence ? 

Cleon. When the Diameters of the Glaſs and ſolar 
Spot are known, then alſo the Proportion of their Sur- 
faces are known, being always in Proportion as the 
Squares of thoſe Diameters, Thus, for Inſtance, if a 
Lens be four Inches in Diameter, and its focal Diſtance 
12 Inches, then will the Diameter of the Spot be of 
an Inch, as I faid before: But in the Diameter of the 

Glaſs there are #2 of an Inch, therefore the Area of the 


folar Spot will be the Area or Surface of the Glass, 
| 4s 
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as the Square of one to the Square of 40; that is, as 
one to 1600: Therefore the Denſity of the Sun-beams, 
in the ſolar Focus, will be 1600 Times greater than that 
of the ſolar Rays falling upon the Glaſs: And hence you 
may plainly perceive the Reaſon, why a Lens no more 
than 4 Inches in Diameter will yet prove ſo powerful a 
Burning-glaſs, as you obſerved it in the Inſtances you 
juſt now mentioned. | 2 

Euphroſ. I now begin to ſee plainly, the Reaſon of 
the Effects of Lenſes and Mirrors, in regard to burning; 


and I alſo apprehend, that this Power of burning will 


increaſe in Proportion to the Square of the Diameter of 


the Glaſs, while the focal Diſtance remains the ſame. 


Cleon. It will ſo: Thus, ſuppoſe the forementioned 
Glaſs of 12 Inches focal Diſtance, were 6 Inches, or £2 
of an Inch, in Diameter, then will its Power of burning 
be to the former as 3600 to 1600, or more than twice as 
great, becauſe more than twice the Quantity of Rays fall 
upon this larger Glaſs. | 

Euphroſ. But ſuppoſing the Surface of the Glaſs con- 
tinue the ſame, but has a leſs focal Diſtance, then will 
the ſolar Spot be likewiſe leſs; and, conſequently, the 
ſame Quantity of Rays, being collected into a ſmaller 
Space, will act, or burn more vehemently : Therefore, 
alſo, the Power of burning muſt be greater in Propor- 
tion as the Area of the ſolar Spot is leſs. Is not this 
right, Cleonicus * | 

Cleon. Extremely ſo: You reaſon like a Mathema- 
tician, — The true Ratio is, the Diameter of the 
ſolar Spot being always as the focal Diſtance, the Area 
thereof will be as the Square of its Diameter, and, con- 
ſequently, as the Square of the focal Diſtance of the 
Glaſs: Therefore we collect this general Rule, the 
Power of burning in any Lens is proportioned to the Square 
of its Diameter direcily, and the Square of its focal Diſtance 
muerſely : And from hence it will be very eaſy to compare 
the burning Powers of any Lenſes whoſe Diameters and 


focal Diſtances differ, 


Euphroſ. Pray, what are the largeſt ſize Lenſes ufually 


made for this Purpoſe ? 


Cleon. They ſeldom exceed 7 or 8 Inches in Diameter; 
and are from 3 to 4 Feet Focus; and ſuch a one you 
here fee; The Diameter of this is 8 Inches, and the 

F 4 Focys 
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Focus 3 Feet diſtant, therefore the ſolar Image will be 


3. of an Inch Diameter: And, as there are 18 of an | 
Inch in the Diameter of the Glaſs, it will condenſe the 
Rays in Proportion, as the Square of 80 to the Square of F 
3, that is, as 6400 to 9, which is little more than 700 0 
to 1. Whereas I obſerved to you before, that the Power ; 
of a common Burning-glaſs, no more than halt this in ] 
Diameter, and whoſe focal Diſtance but 3, had a Power + 
of burning as 1600 to 1, which is more than twice as | 
reat as this very large Lens is capable of, which Inftance [ 
I give to ſatisfy you, that as much may be done by N 
b ſhortening the Focus of the Lens as by increaſing its d 
it Diameter or Surface. But, when the Diameter of the 4 
Wh Lens is very large, it. will require a very extraordinary ” 
J Thickneſs of Glaſs for grinding them to a ſhort focal 8 
* Diſtance, ſufficient to render them Burning-glaſles in C 
* any conſiderable Degree. | ſr 
{> Euphroſ. But, pray, Cleonicus, is there no Method of Me 
. combining two of theſe Lenſes together, to increaſe their 8 
1 Power of burning? = 
bu. Cleon. Yes, my Euphreſyne, there is; for if a Lens of 1 
199 6 Inches Diameter and one Foot focal Diſtance, and 
"zh another Glaſs 4 Inches Diameter and 6 Inches focal Di- 1 
* ſtance, were put together at a proper Diſtance, the Rays A 
1 of the Sun, collected to a Focus by them, would be M 
7 'more denſe, and burn more powerfully than they could 15 
4 be made to do by any ſingle Lens: But there 1s no- = 
he! thing of this Kind that can compare with a, concave Mir- Bl 
1 ror in this Reſpect; for, in theſe Mirrors, the ſolar focal ah 
. Diſtance is never more than half the Radius of Conca- U mi 
bh vity; and what ſtill adds to the Intenſity of their burn- all 
fe ing is, that the Abcrration of the Rays, in the Focus, . 
£06 ariſing from the Figure in the Glaſs, is not near ſo great 
1} as in the Focus of a Lens of the ſame focal Diſtance in 2,» 
1 Diameter. : | thi 
5 Euphreſ. Since concave Speculums are in their own „ 
of Nature ſo well fitted for Burning-glafles, I preſume, the ba 
150 Ingenuity of Philoſophers muſt have been exerciſed in 1 
IE various Wiſe, to render this Invention as extenſive and abs 
4-4 powerful in its Effects as they poſſibly could. tha 
+14 Cleon. No Pains has been ſpared, by ingenious Artiſts lar 
118 in the optical way, for conſtructing theſe burning Spe- Ho 
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about 30 very large {quare Concave Speculums, not leſs 
than 20 by 24 Inches, if I remember right : This yery 
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culums of different Kinds, of which I ſhall mention to 


you four of the principal Forms, The (1.) is an entire 
concave Glaſs, but of very large Diameter, and as ſhort 
a focal Diſtance as poſſible, (2.) A very large ſpheri- 
cally concave Frame, in which are placed ſeveral leſſer 
concave Speculums, of the ſame Radius with that of the 
Frame: Theſe, truly fixed, will have all their Focuſes 
thrown upon one common Focus in the Axis of the 
Frame, which, of Courſe, muſt burn to a prodigious 
Degree. (3.) In ſuch a large Frame, they have alſo 
contrived to fix plain Glaſs Speculums, which, being 
duly adjuſted by Screws, will throw all the Sun's Rays 
which fall upon them into one common Part of the 


Axis of the Concave Frame, which, there making a 


Sort of Focus, will burn very intenſely. (4.) Any large 
Concave Frame, as before has been deſcribed, with a 
ſmooth poliſhed Surface of ſuch Matter as will ſtrongly 
reflect the Rays of Light, and has been found to anſwer 
extremely well. | | 

Euphroſ. Have you ſeen thoſe ſeveral Kinds of Specu- 
lums which you now mention ? : 

Cleon. I have ſeen of the firſt and ſecond Sort; but 
never any of the third and fourth But of the firſt 
Sort, I have never ſeen any ſo large as to deſerve particular 
Mention at this Time : Thoſe of 2 Feet, or 2 Feet and 
2 in Diameter, are the largeſt that are commonly made, 


and are much more uſed for optical Purpeſes than for 


Burning-glaſſes, as their focal Diſtances are not ſhort 
enough to anſwer the Purpoſe of burning ſo much as 
might be expected from ſo large a Surface : However, 
all of this Kind, that are in any Degree large, burn very 
intenſely, eſpecially with a Summer Sun, 

Eupbraſ. And what have you known of the ſecond 
Form of Speculums, ' which you mention; which, 1 
think, may be called compound Burning-glaſles ? 

Cleon. They are very properly ſuch; but all that J 
know of them is, that, they have been made of a very 
large Size, one of which, in particular, contained 


large Concave Speculum was placed at the Top of a 
Houſe, viz, at the great Toy-ſbop the Corner of St, Paul's 
Y 4 | Church 
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of them 6 Inches ſquare, 
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Church-yard, moveable | upon an Axis, to render it of 


more convenient Uſe: But as to its Effects, though they 


muſt have been incredibly great, I do not remember to 
have had any particular Account of them, any more than 


in one Inſtance, viz. that a large Bar of Iron would inſtantly 


be melted aſunder in its Focus. 
Euphroſ. That was a prodigious Effect, indeed; 


and I wonder very much, that the World has not 


been more apprized of the ftupendous Effects of a Con- 
cave burning Speculum of ſuch an amazing Structure. 
Pray, what do you know of the third Sort you 
mentioned, compounded of plain Speculums inſtead of 
Concave ones? 

Cleon. This is but a late Invention; the principal 
Inſtrument of this Sort was made by Mr. "Buffon, which 
was 6 Feet in Diameter, and contained 168 ſmall Mirrors, 
or flat Pieces of Looking-glaſs, with proper Movements 
for adjuſting them to a common Focus : They were each 
But what is peculiar to 
this Contrivance is, that we have it in our Power to make 
the focal Diftance greater or leſs, and, conſequently, 
while the Frame remains in the ſame Place the Glaſſes 
may be ſo adjuſted and diſpoſed as to throw their common 
Focus upon the Object intended for Accenſion. 

Euphroſ. This muſt be a curious Artifice moſt cer- 
tainly ; but I ſuppoſe the Difficulty and Expence of ſuch 
an Apparatus, for this Purpoſe, is not inconſiderable :— 
But, pray, has it been brought to any great Perfection, 
or has any very confiderable Experiments been made 
with it ? 

Cleon. It is ſaid, that Mr. Buffon, in the Month of 
March, ſet on Fire Boards of Beach-wood, at the Di- 
ftance of 1 5o Feet : At another Time, he burnt Wood 


at the Diſtance of 200 Feet: He 4 melted Tin and 


Lead, at the Diſtance of 120 Feet; and Silver, at 50. 
But, as you rightiy judge, the Expence of ſuch a 
compound 'Speculum muſt be very great, ſince each 
imall Speculum had no leſs than three adjuſting Screws 
to give it a proper Inclination, for directing the ſolar 
Rays to any given Point, and the whale Machine is 
moveable by a Swivel-like Contrivance ; ſo that one may 
burn horizontally, upwards or downwards, and that 
moſt at any Diſtance one plcaſes. 
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Euphroſ. One would think ſuch an Inſtrument as 


this ſhould prove dangerous, eſpecially near the Sea-fide, 
where Ships in the Harbour might be liable to be ſet on 


Fire by it. 

Cleon. Your Obſervation is ſo far rational, that, if 
ſuch a Machine could be conveniently made, it would 
certainly be of Uſe to every Town liable to a Siege, 
whether by Sea or Land, eſpecially if the Time for 
adjuſting the Lenſes were not very tedious. It is related 
by ſeveral Hiſtorians, that ARCHIMEDEs did actually ſet 
Fire to the Roman Fleet, at the Siege of Syracuſe, by a 
Burning-glaſs; and that the Navy beſieging Zyzantium 
was, by a Burning-glaſs under the Direction of PRocLus, 
reduced to Aſhes. But what Sort of Glaſſes the Antients 
made Uſe of for this Purpoſe, Hiſtorians do not inform 
us; but, very probably, they were not Speculums, but either 
Lenſes or burning Spheres, | 

Euphroſ. Then you really think that Burning-glaſſes, 
of ſome Sort or other, were in Uſe among the Antients ? 
Pray, what Account do you find of them among the 
Writers of Antiquity? | | 
. Cleon. I can ſay but little on that Head: Pliny mentions 
what he calls Balls, or Globes of Glaſs and Cryſtal, 
which were made Uſe of by Surgeons, who collected the 
Sun-beams with them in order to cauterize their Patients : 
And Lan#antius tells us, that a Glaſs Globe, filled with 
Water and held up to the Sun, would kindle a Fire even 
in very cold Weather : But, to paſs by other Inſtances, 
there is one very remarkable in the firſt Scene of the ſecond 
Act of Ari/tophanes's Play, called, The Clouds, which the 
famous Mr. De la Hire makes no Doubt is a full and 
convincing Proof of the Uſe of Lenſes, as Burning- 
glaſſes, among the Antients; and, becauſe the Paſſage 
is not long, I ſhall read it to you out of that Author: 


— Strepſiades, an old ſtupid Fellow, tells Socrates, 


he had found out an excellent Contrivance againſt 
paying his Debts; and is introduced ſpeaking after this 
Manner : | 

STREPSIADES. Have you never ſeen, at the Apothe- 
caries, that fine tranſparent Stone with which they kindle 
Fire? | 

SOCRATES, Da you mean that Glaſs © 
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STREPSIADES, Ves. 

SocRATEs. Bring it; what then? ; 

STREPSIADES. ben the Attorney hath written an 
Action againſt me, I will take this Glaſs, and, ſtanding at a 
Diftance in this Manner againſt the Sun, I will melt down 
the Letters of my Action. | 

SOCRATES. Cunningly done, by the Graces, The Scho- 
liaſt upon this Place ſays, this Glaſs was a Trochoide, 
which implies, that it was round like a Yheel, and, there- 
fore, I think very plainly indicates its being of a lenticular 
Form, and not a compleat (Globe. % 

Euphroſ. Well, this has pretty well gratified my 
hiſtorical Curioſity: Tell me next, what you know 
of the fourth Kind of Burning-glaſſes. | 

Cleon. With reſpect to the Power of Burning, they 
are the moſt celebrated of any, concerning which, we 
have ſeveral curious Anecdotes; for Mr. Boyle made one 
of theſe, of black Marble, of a very large Size; but, 
though well poliſhed, yet, being of a black Colour, it 
would not ſet Fire even to Wood, though expoſed a 
long Time in its Focus ; which plainly ſhews how ſmall 
a Quantity of Light is reflected from black Subſtances. 
On the other Hand, we read of a Burning-glaſs 
(if we may ſo call it) that was made only of a ſmooth 
Concave Surface, and overleaved, or finneered, as it 
were, with white Straw, made by an Italian Artiſt, which 
had a prodigious Effect in burning from the Light re- 
flected from ſo large a Surface and natural poliſh of Straw, 
hut the moſt remarkable of all theſe Sorts of Mirrors 
was that of the celebrated Mr. Villette, which was 3 
Feet 11 Inches in Diameter, and its focal Diſtance was 
3 Feet and 2 Inches: It was a Compoſition of Tin, 
Copper, and Biſmuth, ſomewhat like the Metals we 
now make for reflecting Teleſcopes; it was a white 
Metal, and bore a very fine Poliſh, and therefore, from 
ſo large a Surface and ſo ſhort a focal Diſtance, it is no 
Wonder if we find its Power of burning, melting, 
calcining, and vitrifying Bodies very extraordinary 
| an indeed. 
19% Euphroſ. I wiſh I could get Information what ſome 
4 of thoſe Effects might be, for I have a great Inclination 
T4 to be ſatisfied about every Thing in regard to the 
Wonderful, | | 1 
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Clean. In this you are not particular, my Euphreſyne; 
it is a Kind of univerſal Paſſion that, more or leſs, as 
all Mankind; Things of an uncommon and extraordinary 
Nature never fail to ſtrike us with agreeable Pleaſure and 
Surprize: And as Burning is in itſelf one of the moſt 
exquiſite Actions of Nature, the following Experiments, 
made in Relation thereto, cannot but give you the higheſt 
Satisfaction: A Catalogue of ſuch as are moſt remarkable 
] ſhall here rehearſe to you. 

1. A red Piece of Roman Patera (or Tile) began ta 
melt in 3”, and was ready to drop in 100 

2. Another black Piece melted at 4”, and was ready to 
drop at 64". 

. Chalk taken out of an Echinus Spartagus fled away 

m 
4. A Foflile-ſhel] calcined in ; 

. A Piece of Pompey's Pillar at Alexandria vitrified in 
the black Part in 50% and in the white Part in 54“. 

6. Copper Ore vitrified in 8”. 

”, Slag, or Cinder, of antient Iron-work, ready to run 
in29 2 

* Ore fled at firſt, but melted i in 24 

9. Talc began to calcine at 40”, and held in the Focus 


wt 


in 


Cali, humanus was calcined in 2”, and only 

4 off in 60“. 

11. A great Fiſh's Tooth melted in 32 2 

12. The Aſbeſtos ſeemed a little condenſed in 28”, and 
Mr. Villette ſays, the Glaſs uſually calcines it. 

13. Marcaſite of Gold broke to Pieces, and began to 
melt in about 30“. 

14. A Silver Sixpence melted in 7 7”. 


15. A Copper Halfpenny (of King William's) melted . 


in 20% and ran with a Hole in 30“. 

16. A King George's Ditto, melted in 16, and ran 
in 32 

. Tin melted in 

18 Caſt-Iron LE, in 16”, 

19. Slate melted in 3“, and had a Hole in 6”. 

20. Thin Tile melted in 4”, had a Hole, and was 
vitrified in 80“. 


21. Bone calcined i in 4” , and was vitrified ; in 23”. 
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22. A Diamond, weighing 4 Grains, loſt J of its 


Weight. 


Euphroſ. Theſe are wonderful Effects indeed, to 
think that the Aſbeſtos itſelf, which no common Fire 
can injure, ſhould yield to the calcining Force of this 
Burning-glaſs.— I ſuppoſe you have the ſame Method 
of computing the Force of this Glaſs, as before of the 
Lenſes ? | f f 

Cleon. The very ſame; and by Computation it appears, 
that the ſolar Beams are condenſed by this Speculum 
upwards of 17,000 Times, and that the Heat in the 
Focus of this Glaſs will burn with Intenſity 433 Times 
greater than that of common Fire; and therefore no- 
thing is an Aſbeſtos, Amianthus, or incombuſtible Subſtance 
in the Focus of ſuch a Speculum. It may be in 
my Power one Time or other, to repeat theſe Experi- 
ments and verify them by ocular Demonitration ; but, 
at preſent, you muſt be content with a mere Narration 


of Facts. 


EcLO00CUFE XTR; 


The NATURE and STRUCTURE of the EE ex- 
plained, with regard to perfect V 1S10N, by an 
anatomical D1ssEz CT10N thereof. 


Cleonicus. 


F all our Senſations, thoſe of Viſion have been 
ever eſteemed of the firſt Order: It will therefore 
be no unpleaſing Speculation to my Euphroſyne, to be 
entertained with a ſhort Narrative and Explication of the 
natural Mechaniſm of the wonderful OrRGan of S1GHnr, 
and what the proper Office of each conſtituent Part is, 
or how far it conduces to perfect this moſt exquiſite of 
all our Senſes. | | 
Euphroſ. I am tranſported with the Thoughts of 


being in any Degree capable of underſtanding the Princi- 


ples upon which the Structure of ſo noble an Organ 
depends ; the component Parts of the Eye, I preſume, 
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ou intend to exhibit, by a Diſſection of thoſe Eyes 
which I ſee you have here prepared; and, as I have never 
yet ſeen any Thing of this Kind, the Inſtructions I 
ſhall receive will be both novel and improving in the 
higheſt 8 | 
Cleon. I do not propoſe to trouble you with an ana- 
tomical Account of the great and wonderful Apparatus 
of Muſcles, wherewith the Eye is furniſhed for all 
neceſſary and convenient Motions; this being only a 
collateral Conſideration, or Circumſtance of the prinei- 
pal Object we are at preſent intent upon, which is the 
Faculty of natural Viſion: For though the Eyes of 
many ſmaller Kinds of Animals, as in moſt of the inſect 
Tribes, are fixed, yet they are ſo diſpoſed, that Motion 
in them is rendered unneceſſary, as they can ſee all 
around them without : But as the Eyes of moſt Animals, 
and particularly our own Species, are both in Front, and 
we could look only directly before us, provided there 
was no muſcular Motion, it became neceſſary to conſtruct 
the Eye with a Variety of Muſcles to give it Motion, in 
all Directions, in the viſible Hemiſphere before us; and 
one Thing I muſt not omit to obſerve, that as it is 
ſometimes neceſſary to have an oblique Motion of the 
Eye towards the Noſe, and there- being no Room on 
that Side for Muſcles, as on every other Part, provident 
Nature (which is never at a Loſs for Means to accompliſh 
her Deſigns) has contrived a ſmall Bone on the Side of 
the Noſe, with a ſmall Perforation, or Hole to ſerve as 
a Pulley through which the Tendon of a Muſcle paſſes 
to a convenient Inſertion, and thereby ſuch an oblique 
Motion is given to the Eye, which would have been 
otherwiſe impoſſible. | | 14 
Euphroſ. One would think it was impoſſible that any | 
Perſon who conſiders this, or any ſuch Inſtances of the | 
moſt apparent Deſign and wiſe Diſpoſition of Parts, j 
could ever be an Atheiſt. | 
Cleon. What you obſerve is very juſt ; they who con- | 
ſider ſuch Things are ſufficiently convinced of the Ex- wo 
iſtence and Providence of a Deity ; and perhaps there is 1 
not a more fertile Field of irrefragable Proofs of thoſe 
wiſe Deſigns and Artifices, which Nature makes Uſe 
of to anſwer her propoſed Ends, than anatomical Diſſeftions. 
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Every Part in the Structure of animal Bodies fills K 


with Wonder and Amazement, not more at the Almighty 
Power, which is vilible, in making, but at the infinite 
Wiſdom which is ſo manifeſtly employed for anſwering, 
in the beſt Manner, all the Purpoſes of the animal Occo- 
nomy. But now to the Point: You ſee, here are 
two Bullock's Eyes, which I have provided on purpoſe 
to diſſect, that you may ſee how far the ſeveral Parts are 
concerned in producing the ſublime Faculty of Sight: 
But, before we begin the Diſſection, it will be 


worth your while to conſider a few Particulars, reſpecting 


the external Diſpoſition, or Form of the Eye: And firit 
of all, you obſerve a long white cylindrical Body of 
nervous Fibres, which-enters the Eye on the hinder Part 
or Bottom of the Eye, and which the Anatomiſts uſually 
call the OyTic NERveE. 

Euphroſ. The Part you now mention has engaged 
my Attention ever ſince I have been in the Room; but 
before we proceed farther, pray, let me know what you 


mean by a NERvE. 


Cleon. A Nerve is that moſt diſtinguiſhed Part of 
animal Bodies which Naturaliſts tell us is the univerſal 
Organ of Senſation. A Vegetable is an organized Body, 
and has Variety of Veſſels for circulating Fluids, 
analagous to thoſe we find in animal Bodies called Arteries, 
Veins, &c. but, as it has no Senſation, there is no Oc- 
caſion for this Part which is called the Nerve, and there- 


fore we find none in the vegetable SYSTEM. 


Euphroſ. But, pray, Cleonicus, how is this Part, you 
call a Nerve, the Organ of Senſation ? 

Cleon. I can give you but a partial and imperfect 
Anſwer to ſuch a Queſtion.—— The Nerve, which 


you ſee, is a Continuation of the medullary Subſtance of 
the Brain, contained in proper Coats, or Integuments ; 


the Fibres of this Nerve, having paſſed through the 


Coats of the Eye, are there ſpread into a moſt exquilite 


fine Membrane, which covers all the interior Parts of the 


Eye, except that which is open before: This Membrane 
the Anatomiſts call the Retina, and is, beyond all Diſ- 


pute, the, immediate Inſtrument of Viſion : For 
the Rays of Light which enter through the fore Part of 
the Eye, being refracted to this nervous Membrane, 
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will fo affect, by their various Impulſe, the Fibres thereof, 


which are in immediate Connection with the Brain, as 
to convey to the common Senſory thereof the Species of 
Things without us, from whence they proceed ; and b 
this Means they excite in the Mind the Ideas of thoſe 
Objects under all their Circumſtances of Form, Magni- 
tude, Diſtance, Colour, and all their other Affections. 
But how, by this natural Agency of one Sort 
of Matter upon another, thoſe mental Ideas are formed, 
and the Operations of the Mind directed and influenced, 
is a Subject far beyond the Reach of the human Under- 
ſtanding. = 

Euphroſ. I know the inſcrutable Secrets of Nature 
do not belong to us: I think myſelf very happy that I 
have the Faculty of Viſion, though I can never adequately 
know the wonderful Manner in which it is effected; its 
enough for me, that I can be acquainted with the Ways 
and Means which the Author of Nature makes uſe of to 
effect it. —But I obſerve, Cleonicus, that the optic 
Nerve enters the Eye on one Side, and not directly in 


the Middle of the Bottom of the Eye; pray, do you 


aſſign any Reaſon for that? | 

Cleon. Yes, my Euphroſyne, and a very good one too, 
viz. becauſe the Rays of Light, which fall on that 
Part of the Eye where the Nerve enters it, are thereby 
rendered of no Effect, or become uſeleſs in that Point, 
where all the Fibres of the optic Nerve are divided one 
from the other, and no one in particular can be acted 
upon by thoſe Rays : By this Means you will eaſily 
underſtand, that thoſe Rays which come from Objects 
quite on one Side of the Hemiſphere of View can be 
loſt; but thoſe Rays which are loſt in one -Eye, are 
always effectual in the other: So that with both the 
Eyes, it is in our Power to ſee every Object wherever 
poſited in the natural Extent of View.—Hence another 
Inſtance offers of wiſe Contrivance, as alſo a Reaſon, 
among many others, why two Eyes are naturally of 
more Advantage than one, 

Euphroſ. By what you have ſaid, one would con- 
clude, that an Object could not be ſeen by Rays which 


fall on that Part of the Eye where the Nerve enters it.: 


Pray, is there any Experiment by which this can be 
confirmed ? | 


try, for your own Conviction. 
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Cleon. Yes, there is, and which you ſhall immediate] 
I will ftick three 
Pieces of Paper (A, B, C) * upon the Side of the 
Room, about 15 Inches apart, and then I will place 
ou at ſuch a Diſtance from, and directly before the 
middle Paper, that, if you ſhut one Eye, and then turn 
the other obliquely towards that outſide Paper which is 
on the Side of the encloſed Eye, the Rays coming from 
the middle Paper (B) will enter the Eye, and fall upon 
the Inſertion of the optic Nerve, by which Means the 
ſaid Paper will immediately vaniſh from the Sight, while 
the two extreme Papers continue viſible, | 
Euphroſ. This is ſuch an optical Paradox, that J 
long to be ſatisfied of the Truth of it by Experiment,— 


I fee you have placed the Papers on an advantageous 
Ground to be viewed :——But now, whereabout muſt 


I ſtand to view this odd, or rather No Phenomenon ? 
Cleon. As the Papers are about 15 Inches aſunder, 
you muſt place yourſelf directly before the middle Paper, 


at the Diſtance of about 6 Feet and a Half, and take 


Care that your Head be not in the leaſt turned on one 
Side : Then ſhut the left Eye, and turn the right 


Eye obliquely to view the left Hand Paper (A), and the 


middle Paper (B) will inſtantly diſappear at the ſame 
Time as the other extreme Paper (C) is viſible, 

Euphroſ. Well, I think I am very near the Spot you 
point to, and that my Face is quite parallel with the Side 
of the Room : I ſhut my left Eye, and direct my 
Right to the left Hand Paper, without moving my Head: 
And, ſure enough, the middle Paper is gone; 
it diſappears as it by Enchantment, and the other 
Paper beyond is {till in my View. I think this Ex- 
periment equally curious as wonderful, But now, 
let me try with the other Eye. =I] find it the very 
fame as before; therefore to each Eye, in this Situation, 


the middle Paper becomes inviſible, though ſo large as 


an Inch Square. = | 
Cleon. Nor is there only that particular Spot on which 
you ſtand, where this will happen: But if you remove 
| yourſelf 
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.yourſelf through the Space of 10 Inches back, in a 
Riche-line, you will obſerve the ſame Thing, or the 
Paper will continue unſeen through all that Spaee; for 
ſo long will the Image (5) of that middle Paper be paſſing 
over the Place where the Nerve (D E) enters the Eye, 
while the Images (@ and c) of the two extreme Papers 
are at 4 conſiderable Diſtance from that Point; and there- 
fore conſtantly viſible to either Eye. e 
Euphroſ. This is a ſtriking Inſtance of Contrivance, 
indeed: But pray, what have you farther to obſerve in 
Relation to the exterior Parts of the Eye? | 
Cleon. The Form of the Eye on the poſterior Part 
deſerves your Notice : It is neither plain, nor ſpherically 
round, as I have heretofore obferved to you that neither 
of theſe Surfaces will admit of a perfect Repreſentation 
of the Images of Objects, portrayed in the Focus of 
a Glaſs : But it is really of that Form which the Laws 
of Optics require for a perfect Delineation of the Images 
of Objects, as well in an oblique, as a direct View, 
on the Expanſion of the optic Nerve, or Retina in the 
Eye; A” | | | 
4 g. rf This is a curious Circumſtance, moſt cer- 
tainly, and is very obvious with the ſlighteſt Inſpection. 
——[ ſee all the back Part of the Eye is opake, and the 
fore Part only is tranſparent. | | 
Cleon. This will convince you of the Truth of that 


which I have often obſerved to you, v:z. that the Eye is 


nothing more than a moſt perfect Camera Obſcura in 
Miniature, in which the whole Buſineſs of Viſion is 
tranſacted ; for which Purpoſe you ſee, on the fore 
Part, a very tranſparent and convex Covering, which 
ng: the Cornea, or horny Coat of the Eye (LPK, 

Fb I think I can ſee the Reaſon why it is both 
Tranſparent and Convex; for the Tranſparency is 
neceſſary to a free Admiſſion and Refraction of Light, 
and the Convexity of it is neceflary for converging” the 
Rays of Light to a Focus, at the Bottom of the Eye, for 


the Formation of Images there: And one Thing 


farther J can hence obſerve, and that is, the proper 


Degree of Convexity in the Eye, which muſt ever cor- 
reſpond to the Diameter or Bulk of the Eye; ſince the 
Vol. II. 5 optic 
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optic Nerve, in the Bottom of the Eye, muſt neceſſarily 
be in the Focus of the Convex Cornca, as you call it, 
But, pray, how is the Convexity of this Part ſupported, 
and conftantly kept up? 
Cleon. By a fine limpid Humour, which lies imme. 
diately under it, and, being in Appearance like Water, 
is called the Aqueous, or watery Humour of the Eye. 


pierce the Cornea with the Launcet, and you ſee it run 
out upon the white Paper. — Pray, what do you 
think of it? | | . 

Euphroſ. Why, truly, it ſo much emulates Water, 
in Appearance, that I ſhould not have known it had 
been any other Fluid, if I had not ſeen how, and from 
whence it came there But, upon letting it out, 
you have quite defaced the beautiful Appearance of the 
Eye; for now the Cornea loſes its Convexity, and ſub- 


ſides in Wrinkles, which gives a ghaſtly Appearance to 
the Eye. 


Cleon. I will ſoon relieve you from that diſagreeable 
Sight. With theſe anatomical Sciſſars, I ſever the 
Cornea from the. opake Coat called the Sclerotica, and 
then you behold the next Part, which is deftined for the 
Service of Viſion: This, the Anatomiſts call the Uvea, 
(K o L) it is, in our Eyes, of a circular Form, and 
quite opake, and, being of different Colours, it is 
vulgarly called the Iris. In the middle Part 
thereof, you obſerve an oblong Perforation, which in 
human Eyes is perfectly round, and called the Pupih 
(e, 0.) . 

Euphroſ. The Inſtructions you have already given 
me in Optics, enables me to judge of the Uſe of this 
Part, at firſt Sight. The Pupil of the Eye anſwers to 
the Aperture in the object End of a Teleſcope, which 
muſt be of a determinate Size for a proper Degree of 
Light to illuminate the Image in the Bottom of the Eye. 
This Doctrine you frequently inculcated in your De- 
ſcription of optical Inſtruments, and particularly the 
Camera Obſcura. | | 

Cleon. What you ſay is true, in general, in artificial 
Optics: But when we conſider the natural Structure of 


this Part, it will appear very admirable ; for this natural 
Aperture, 


This you will be immediately ſenſible of; for! 
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Aperture, or Pupil in the Eye, is capable of various 
Dimenſions, by a double Syſtem of muſcular Fibres of 
which it is compoſed, viz, one on the external Part, 
which is of a circular Form, and by whoſe Action the 
Pupil of the Eye is contracted : The other Syſtem, on 
the interior Part, has its Fibres difpoſed like Rays i! zuing 
from the Center of the Pupil, and when I take it 
off, they will be very conſpicuous.——— You ſee I 
paſs my Sciſſars round, and it is ſeparated from the 
interior Coat of the Eye; and now the radial Syſtem 
of Fibres appear. 

Euphroſ. 1 ſee them very plainly, and cannot but 
wonder at ſuch divine Mechaniſm in this ſmall and ufually 
ſuppoſed inconſiderable Part of the Eye: That 
when the Light of an Object is too glaring, we have 
the Faculty by one Syſtem of Muſcles to contract the 


Pupil, and thereby to exclude all the offenſive and ſuper- 


fluous Light: And on the other Hand, for diſtant and 
obſcure Objects which require to be viewed with all the 
Licht poſſible, we can, by the Action of the radial 
Fibres, dilate the Pupil, and thereby give Admiſſion to a 
oreater Quantity of Light. 

Cleon. I have ſometimes been curious enough to 
meaſure the Diameter of the Pupil in each Caſe : when 
a Candle has been held very near to the Eye of a Child, 
I have found the Pupil not much to exceed the + of an 
Inch; but in the Twilight of the Day I have found 
the Diameter of the Pupil near twice as large, and 
therefore the Area of that Pupil near 4 times as great as 
before: The Dea being removed, you behold 
another Part, in a great Meaſure, reſembling a Lens 
of Glaſs placed juſt-in the Middle of the Eye behind the 


| Pupil. 


. Avery curious Part, indeed ; pray, what do 
you call it ? 

Cleon, Tt is called, the Cryſalline-lumour ; ; for it is, 
as yet, contained in an exceeding fine tranſparent Capſule, 
called the Arachnoides, on the upper Surface of Which 


you. ſee a circular Zone of Fibres ; theſe, alſo, are in 


form of Rays ifſuing from the Center, and are of a black 
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Euphroſ. They are very conſpicuous; I ſhould 
be glad to know their Uſe, and. by what Name they are 
called. | 

Cleon. This black Annulus, or Ring of muſcular 
Fibres, is called, the Ciliary Ligament, as reſembling 
The Uſe of this Part, 
being affixed to the delicate Tunick of the Cryſtalline- 


humour, is to give a proper Motion to the ſame, and as 


ſome think, to alter the Figure of this Humour in ſome 
fmall Degree, as will be farther evident when by making 
a fine Inciſion in the Capſule, the Cryſtalline-humour 
immediately flips out, which I take on this printed Paper 
that you may ſee how the Letters are magnified thro' it, 
as in a common Glaſs Lens. 

Euphroſ. - Amazingly fine indeed: In my Life, 
I never beheld any Thing ſo tranſparent :———lt ſeems 
a perfect Glaſs Lens, -but more poliſhed than Glaſs, 
infinitely : It may very well be called the Cr;/alline 
humour, I ſee, for no CRYSTAL can ever emulate this 
I obſerve one Thing 
very remarkable, and that is, though it be apparently, 
and (I ſuppoſe) really, of a ſpherical Surface on both 
Sides, yet, that one is conſiderably more convex 


than the other: Pray, what is the Meaning of this, 


Cleonicus © 

Cleon. As this Part is undoubtedly deſtined, by Nature, 
to correct and adjuſt the common Refraction of Light, 
through the Eye, to a proper Focus on the Retma at 
the Bottom, the convex Surfaces may, in ſome Degree, 
contribute thereto, as the Denſity of the Cryſtalline- 


humour is a ſmall Matter greater than that of the other 
- Humours, in which it is contained; and, by the Action 


of the Ciliary Ligament, the Degree of Convexity in 
each Surface may poſſibly be a very ſmall Matter aitered; 
but Reaſon, more than Experience, directs us in theſe 
Conjectures.: However, it muſt neceſſarily follow, 
from the Nature of a muſcular Ligament, that, by its 
Contraction and Relaxation, the Poſition of the Cryſtalline- 
humour muſt be ſubject to Alteration, and this is neceſſary 
in the Nature of Viſion ; for, when Objects are near to 
us, their focal Diſtance becomes greater than when they 
are placed afar off, and therefore the Fibres of this 

2 Ligament, 
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Ligament, by contracting, removes the Cryſtalline- 
humour a ſmall Matter farther from the Retina, and 
thereby procures a due focal Diſtance for nigh Objects: 
But, by their Relaxation, this Humour ſinks lower, 
and ſhortens the focal Diſtance for thoſe that are farther | 


off; and thus the Eye is provided with a Power of 


procuring Viſion for Objects in all Variety of Diſtances. 

Euphroſ. There is no End to the Admiration of the 
Wiſdom we obſerve in the Works of Nature, and 
the moſt evident Marks of Deſign and Contrivance in 
every particular Part. But what is that large Quan- 
tity of Humour' that fills the whole Body of the Eye, 
in Appearance like the White of an Egg ? 

Cleon. It is commonly called the Vitreous, or Glaſſy- 
humour : But for what Reaſon I know not, unleſs for 
that one Quality of Glaſs, its Tranſparency — lt is 


in a very large Quantity, in Reſpect of the other two 


Humours, on purpoſe to fill out the Body of the Eye, 
and to render it Globous and Roomy :—For, before I 
take this Humour out of the Eye, it is worth your while 


to obſerve how very perſpicuouſſy it ſhews the optic Nerve 


expanded over all the interior Part of the Eye, together 
with the Arteries and Veins which enter with it, and 
are moſt delicately ramified through all its Texture: 
For the Blood Veſſels ever accompany the Nerves 
through every Part of the Body ; they circulate the 
Fluid of Life, as the other does that of Senſation. 

Euphroſ. A Phenomenon equally curious and wonder- 
ful: It is impoſſible a finer Sight thould greet the Eye. 
I ſee the whole Expanſion of that noble Organ in its 
natural Poſition, the Idea of which will ever be indelible 
in my Mind! | 

Cleon. I ſhall ſhew you the ſame Thing, by-and-by, 
in a different View. That curious viſual Membrane is 
every where connected with the fore Part of the Eye, 
immediately under the Ciliary Ligament, as you will 
eaſily perceive when I turn the Eye inſide out, upon the 
Surface of the Water in this Glaſs, which ſupports the 
deſcending Humour, and the Retina, till, with the 


Knife, I have ſeparated them both from the anterior 
Part of the inner Membrane of the Eye, called the 


L 3 | Choroides, 
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Choroides, which lies immediately under the Retina, and 
is beautifully coloured in Quadrupedes. 

Euphreſ. I ſee the Separation manifeſtly : —— 
as your Knife proceeds, the Glafſy-humour ſubſides 
and becomes inviſible in the Water; but the optic Nerve 
remains behind, upon that fine coloured Coat you men- 
tioned. 

Chon. Though the Glaſſy-humour is not ſeen in 
the Water, I ſhall take it out upon a Wire, ——and 
you ſee how very large and tranſparent a Subſtance it is. 

Euphroſ. Pray, of what does this Humour conſiſt ? 
there ſeems to be a great Quantity of aqueous Matter, as 
J fee it continually keeps dripping a clear limpid F luid 
like Water ? 

Cleon. It from thence appears to be compoſed of 2 
Syſtem of infinitely fine Veſſels, which contain and con- 
— diſtill the fine Lymph ycu ſee; and ſo incon- 
ceivably ine are thoſe Veſſele, that, when they have diſ- 

charged all their aqueous Contents, they ſcarcely amount 
to the Weight of a ſingle Grain. But now obſerve, I 
paſs my Knife round the extreme Part of the Choroides, 
and the Retina, being by that Means ſeparated, ſubſides 
into, and floats upon the Water, *till at Length, the N 
whole being ſevered, it totally ſinks and collapſes into a 
Body almoſt in Appearance like the external Nerve. 
I now cut away all the Coat of the Eye from the Nerve, 
and then it appears moſt evidently, that the Retina is | 
only a Continuation of the Nerve. Laftly, with my 
Sciflars I ſeparate the Retina at the Nerve, and let it fall 
into a Glaſs of clean Water; then, with the Point of 
the Wire, Iexpand it, and you ſee how fine an Appearance 
j1 it makes. 
4 Eufbroſ. It is, indeed, beyond all Expreſſion, fine: 
1 — it reſembles now a Piece of fine white Linen, of 
; { | a curious Texture, and int-rwoven with a great Variety 
1 of Blood-veſſels, in a beautiful Ramification, gradually 
4 eluding the Sight by infinite Degrees of Miniature. 
N But I obſerve this wonderful — this Organ, or Seat 
of the viſive Faculty, is, in itſelf, not Tranſparent, but . 
almoſt Opake. 
Cleon. Opacity, or Tranſparency, are both indifferent 
to the Cauſe of Viſion, which conſiſts wholly in the 
| - 8 
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and peculiar Action and Modification of the Rays of the 
| Light on the Filaments of the optic Nerve :——But its 
being in ſo great Degree Opake, ſhews how far ſome 
Men may be carried from the moſt evident and obvious 
Truths, to ſupport a new Hypotheſis which has no 
Foundation either in Nature or Reaſon ; but Truth will 
ever confront and prevail over Error, though ſupported 
with all the Powers of Rhetoric and ' Novelty, The 
optic Nerve, which immediately receives the Rays of 
Light, and ſuſtains their firſt and whole Impulſe, will 
ever be acknowledged the natural Organ of Viſion by 
every modeſt and judicious Philoſopher; and the Choroides 
muſt in vain pretend to rival it in that Honour, to 
which the Rays of Light can have no Admittance thro? 
the Opacous Subſtance of the Retina, and mult be content 
with the more humble Office aſſigned to it by Nature. 
| Thus much for the Deſcription of the Natural 
Eye, At our next Interview I thall entertain you with 
an Accqunt of the Deficiencies in, the Structure of 
the Eye, and how they are rectified by the Application 
of Glaſſes, and illuſtrate the whole by an artificial Eye. 


- D FA-L- O Q-U-E © XI. 

, | 

5 Of the preternatural ConrFoRMATION of the EYE; 

Fj tbe DEFECTS of VIS ION erifing from thence , 

f WM ond the Means of remedving them by OrTic 

e | (GLASSES. The whole illuſtrated by an ARTI- 

| FICIAL EyE. 1 

f | 

y Cleonicus. 

y Took an Opportunity, very lately, to let you ſee 

— how accurately every Part in the natural Eye is con- : 

t trived to anſwer the Purpoſes of Viſion; that no Part 

t could be wanting without a Deficiency in the Structure 
and Uſes of that moſt noble of all Organs: On the 

f other Hand, it appears that no Part was redundant, or 

: ſuperfluous: And again, with reſpect to the Poſition 
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and Figure of each Part, that it was altogether ſuch as 


the Nature of Viſion required : Upon the whole, the 


Eye is naturally of ſo juſt a Conformation that it ſtands 
in no Need of the Aſſiſtance of the Science of Optics, 
but in Regard to Teleſcopes and Microſcopes, con- 
cerning which I have very largely diſcourſed to you 
heretofore. | | 
Euphroſ. But how, Cleonicus, ſhall we then underſtand 
the Reaſon of ſo many defective Eyes, which we daily 
obſerve in all Ranks and Degrees of People, from the 


youngeſt to the oldeſt ; for nothing is more common ta 


obſerve, than that both Old and Young apply Glafles, 
concave or convex, to their Eyes, to mend their natural 
Sight ? Wb 


Cleon. Your Animadverſion is founded on a general 


Experience, I allow; but it muſt be conſidered, that 
all thoſe who uſe the convex Sort of Glaſſes do it in 
the Courſe of Nature; for the Eye, like all other Mem- 
bers of the Body, is ſubject to Decay, and in our de- 
clining Years requires Afſiſtance equal with every other 
Part, and conſequently, this can be reckoned no preter- 
natural Affection of the Eye: But with regard to young 
People, if they are obliged to uſe Glaſſes, it is from a 
real preternatural Conformation of the Eye; in them, 
the Eye is of a Figure too convex for making a perfect 
Image of Objects on the Retina in the Bottom of the 
Eye: but if we conſider how very few there are of this 
Claſs, compared with the Bulk of Mankind, we muſt 
reckon them only particular Exceptions to Nature's per- 


fect and Handv-work. | 


Euphraſ. I have alſo heard of another Reaſon for the 
Uſe of concave Glaſſes, viz. that becauſe ſome People 
in higher Life have been obliged, from a natural 
Neceſſity, to uſe them, others in lower Spheres (whole 
corporeal Eyes ſtood in much leſs Need of mending 


than thoſe of their Mind) thought it became them to 
imitate their Superiors in this Reſpect; and ſo the. 


Application of Concaves became improved into a Fa- 


ſhion. 


Cleon. People are not only exceſſively fond of being 
in the Faſhion, in ſetting off the real Beauties and Ex- 
cellencies of their Perſons with all the Extravagance 
- | imaginable, 
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they are ſo prepoſterous, as even to blemiſh and eclipſe 


where none are wanting, and where they muſt do harm. 
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imaginable, in regard to dreſſing, painting, &c. but 


their natural Perfections to gratify this abſurd Paſhon ; 
witneſs, in your Sex, the Patches, (which at firſt were 
only deſigned to hide Pimples) and in ours, the affected 
Practice of Myopiſin, or the Application of Concaves 


Euphroſ. Why is ſuch a Perſon who uſes a Concave 
called a Myops? 
Cleon. The Word Myops is of Greek Etymology, and 
ſignifies, in plain Znghſh, Mouſe-eyed ; becauſe a Mouſe 
has a very round Eye, or the W hole of it is almoſt a 


Spherule, or ſmall Globe, as you may eaſily ſatisfy 


yourſelf when you ſee that Animal in a Trap, or which 
is nearly the fame Thing, you ſee ſuch an Eye every 
Day in the beautiful little Squirrel you keep. 
Euphroſ. You have ſatisfied me in that Particular,— 
By the Inſtructions you have heretofore given me, I be- 
lieve, I am able to ſee the Nature of this Deficience in 
the Eye, which you call Myopiſm, for it is, if I miſtake 


not, an Eye with too ſhort a focal Diſtance, occaſioned 


by too great a Degree of Convexity in the Cornea, or 
anterior Part of the Eye, L- 
Cleon. That is the very | Caſe, my Zuphroſyne ; and 
that you may the better ſee and compare an Eye of a 
juſt Conformation with the two Sorts that are not fo, I 
have provided three Diagrams, to ſhew their different 
Structures reſpectively. In one of theſe (Fig. 3. Plate LI.) 
an Object OB is placed at a proper reading Diſtance 
before the Eye, whoſe Cornea K PL, the Pupil o o, and 
Cryſtalline er S T, with every other Part, are of 
a juſt Conformation to make the Image I M perfect on 
the optic Nerve at the Bottom of the Eye. : 
Euphreſ. This is all very evident in the Figure, where 
the focal Diſtance of the Eye is juſt equal to its Diame- 
ter. But what is the proper reading Diſtance CP, at 


which the Object O B is to be held for viewing it in the 
beſt Manner? „„ + e 
Cleon. When we want to read, or view a Thing in 
the moſt perfect Manner, Nature, without our Attention, 
ſtretches out the Hand to about 14 or 16 Inches, accord- 
ing to the Difference of Eyes, which is ſeldom more 
| or 
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or leſs ; and therefore, by Experience, that is confirmed 
to be the Diſtance for viewing Objects with the natural 
Eye.—But if the Cornea happens not to have this natura] 
Degree of Convexity, as in the other Diagram (Fig. 4.) 
which you here ſee, where K PL, the Cornea, has a 
greater Degree of Convexity than what is juſt, the Rays 
which come from any Point C, in an Object at the 
Diſtance CP as before, will here be united, and repreſent 
that Point C, ſhort of the Retina; and fo all other 
Points in the Object OB, and conſequently the Image 
thereof, will be formed and repreſented at I M, ſome 
Diſtance from the Bottom of the Eye. — As this is 
the Caſe, we find a near-fighted Perſon obliged to hold 
the Object much nearer to his Eye, viz. at O B, in order 
to lengthen the focal Diſtance, and make the Rays reach 
the Bottom of the Eye before they unite; and as they, 
in that Caſe, repreſent the Image perfect on the Retina at 
# m, they procure diſtinct Viſion of the Object in that 
near Diſtance c P. 
Euphroſ. As the Myops has it in his Power to rectify 
this natural Defect of Viſion for any Objects near him, 
or ſuch as he holds in his Hand, by leſſening the Diitance 
between the Object and the Eye, till the focal Diſtance 
is thereby adjuſted upon the Retina So a concave Glaſs 
cannot be neceſſary on that Account ——lIt muſt 
therefore be only for viewing remote Objects, where the 
Diſtance is unalterable, at leaſt cannot be diminiſhed fo 
much as is neceilary for a juſt Prolongation of the Focus 
of the Eye, and where, of courſe, a concave Glaſs 
muſt be applied to perform that Office, | 
Cleon, You ſeem to have very juſt Ideas of this 
Matter; for the concave Glaſs EF being applied before 
the Eye, diverges every Pencil of Rays a Cb in ſuch 
Manner as to make them fall upon the Pupil oo, as if they 
came from the Point c at a much leſs Diſtance from the 
Glaſs EF; and when the Concavity of this Glaſs is 
ſuch as the near-ſighted Eye requires, then will the 
Image im be duly formed on the Retina, of the diſtant 
Object OB. | = 
Euphroſ. This I apprehend very clearly, and, with 
Regard to a Myops, I obſerve, that any Object OB 


appears leſs to him, as OB, and allo at much nearer 
4 4 Diſtance 
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Diftance than to a well formed Eye.———Hence like- 
wiſe it mult follow, that as there may be various Degrees 
of Convexity in the Eye beyond that which is juſt, ſo 
there muſt be a great Variety of concave Glaſſes neceſ- 


farily correſponding thereto, and to be uſed as Remedies 


for the ſame. 13 
Cleon. After the ſame Manner you will underſtand, 
by the third Diagram, (Fig. 5.) that for Preſoytæ (which 
is a Greek Word for elderly People) the Cornea KP L has 
too ſmall a Degree of Convexity to converge a Pencil of 
Rays a Cb coming from a Point C (in any Object OB 
at the natural reading Diſtance (as in 1 5 3.) to its 
proper focal Diſtance at the Bottom of the Eye; but 
they will proceed to a point beyond the Eye, where, if 
they were not intercepted, they would form the Image 
(im). Now though ſuch a long-fighted Perſon might 
remote a Book, or other Object, to ſuch a Diſtance 
from the Eye, that he ſhall be able, by that Means, to 
ſhorten the focal Diſtance of the Rays, and read without 
a Glaſs, yet this would be attended with great Incon- 
venience, in general, and the reading at ſo great a Di- 
ſtance would be aukward and unſightly, as well as un- 
natural: Therefore, by applying the convex Glaſs G H, 
the aforeſaid Pencil of Rays (a C) is made to fall Jeſs 
diverging upon the Eye, or as if they came from the 
Object OB at a greater Diſtance. . By this Means, that 
Pencil of Rays is duly converged to a Focus at the 
Bottom of the Eye, and thus all other Points in the 
Object OB. will be repreſented in the Image I M on the 
Retina, and thereby produce diſtin& Viſion. - 

Euphroſ. All this too I cannot but apprehend, as you 
have partly explained it to me in a former Conference :— 


And alſo, from the Figure, it is eaſy to infer, that, to a 


Preſlyta, Objects appear through Glaſſes magnihed, and 
at greater Diſtance, juſt the Reverſe to the Caſe of the 
Myops. ou have now led me through the Rationale 
of thoſe we call ocular Glaſſes, both Concave and 
Convex, that are uſed for rectifying Viſion in general. 
Have you any Thing farther to obſerve, with reſpect to 


the Manner of applying them to the Lye with the greateſt 
Advantage? EE | | 
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Cleon. Ves; there are two Things which, by the 


Laws of Optics, every rational Man muſt think himſelf 
obliged to obſerve and conform to: The firſt is, that 


no more Light be admitted upon the Eye than what is 


neceſſary to illuminate the Object, ſhew it diſtinctly, 

and to allow of a ſufficient Field of View: But, on this, 
T have already expatiated to you, which needs no farther 
Repetition. * 

 Euphroſ. I remember very well what you ſaid to me 
on that Subject, and am thoroughly convinced of the 
| Reaſon of it: But what is the ſecond Particular to be 
obſerved in the Uſe of theſe Glaſſes ? 

Cleon. The fecond Thing neceſſary in the Application 
of thefe' Glaſſes is, that they are ſo placed before the 
Eye, that the Axis of each Glaſs may coincide with the 
Axis of the Eye, and be therefore directed to, and united 
in the Object that we view: This muſt be obſerved very 
ſtrictly, With regard to Convex Glaſſes, as by them 
we view near Objects; but it has little to do with Con- 
caves, as the Objects ſeen by them are generally remote, 

and therefore the Error, in this Reſpect, almoſt inſenſible; 
But as this Matter cannot well be explained, without 
a large Copper-plate, I muſt refer you to a Treatiſe lately 
publiſhed on this Subject, where you will find ample 
Information concerning this, and all other uſeful Pre- 
cautions in the Uſe of Visvar GLassts, and their 
Difference from the abſurd and injurious Structure of 
common Spectacles. : 
Eupbroſ. But after all, you promiſed to illuſtrate 
this Affair by an artificial EYE, which I take to be this 
round Globe of Braſs on a Pedeſtal, with a Glaſs before 
and behind. Pray, what is the Structure and Similarity 
between this and the natural Eye ? e wg 
Cleon. If great Art and Expence were employed, there 
might be a very conſiderable Likeneſs produced between 
the Structure of the natural and artificial Eye, ſo far that 
in every Part they ſhould each of them have nearly the 
ſame Appearance: But without regard to the Size 
hs and 
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and Form of the conſtituent Parts, a great Similarity 


may be produced in the Effects of one and the other; 
and this is ſufficient for our Purpoſe, as, by Means of 


this artificial Eye, in a very ſimple Structure, we can 


eaſily repreſent or illuſtrate the three different Caſes of 
natural Eyes before- mentioned; and for this Purpoſe 
only four Glaſſes are neceſſary, three of which are Con- 
vex ones, and finely poliſhed, included ſeverally in proper 
Cells or Rims, and to be ſcrewed into the ſame Hole on 
the Fore-part of the artificial Eye. The Fourth is a 
plain Glaſs, ground on one Side wich fine Emery to take 
off the Poliſh, and thereby to render it, as it were, Semi- 
tranſparent..::;--:..--; | . 

Euphroſ. By your very Deſcription of this laſt Glaſs, 
I ſuppoſe it muſt repreſent the Retina in the natural Eye, 
which, I remember, you ſhewed me was neither Opake 
nor Tranſparent, but between both. | 

Cleon. I obſerved to you at the ſame Time, that this 
Quality, or Degree of Tranſparency in the Retina, did 
not appear to be neceſſary to Viſion ; but in the artificial 


Eye it really is ſo, becauſe, were this Glaſs wholly Opake, 


or Tranſparent, it could not anſwer the Purpoſe; as in 
one Caſe, no Image of an Object could be ſeen upon it ; 
and in the other, though the Image might perfectly ap- 
pear, yet its Locality, or particular Place, could not be 


ſo well determined: But being thus half Tranſparent, 


will nicely ſhew the Image, and the Place where it is 
formed at the ſame Time. 5 | 
Euphroſ. IT underſtand you perfectly well; but I ob- 
ſerve this Glaſs is plain, and has not the true Figure of 
the hinder Part of the Eye. | 
Cleon. That Figure would not be eaſily imitated by 


Art, as it is neither plain nor ſpherical ; Nature takes a 


perfect Method in all her Operations: Art can only 
imitate by Approximation, but a plain Glaſs will anſwer 
our preſent and particular Deſign. | 


ZEuphroſ. The three Glaſſes which are ſcrewed on in 
the Fore-part of this Braſs Eye are, I preſume, deſigned 
to form the Images of Objects on this artificial Retina, 
or Glaſs, behind; and, becauſe you have three in Num- 
ber, I ſuppoſe one is to repreſent the Caſe of a well-for- 


med Eye, and the other two the deficient Ones of the 
Myops and Preſbyta ? | 
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Cleon. That is the very Thing, my Euphroſyne, az. 


J will now ſhew you by an Experiment. The 
Diameter of the artificial Eye, you obſerve, is two 
Inches :— Then I ſcrew on the Glaſs (Ne. 1.) 
whoſe focal Diſtance is juſt 2 Inches: — Then 1 
take the artificial Eye, and ftanding at the Diſtance of 
about 12 or 15 Feet from the Window, and holding the 
artificial Eye directly before my own Eye, I ſee the Image 


of the Window very diſtinctly formed upon the ground 


Glaſs. Now, take the Eye in your own Hund, and 
ſtanding at the ſame Diſtance, you will obſerve the ſame 
Thing. | | 

\ Euphroſ. That I do perfectly; and a very curious 
Experiment it is — The Window appears in all 
reſpects like the Picture of Objects in a Camera Ol ſcura, 
moſt natural, bright, vivid, and every Way the ſame, 
I preſume, as it would appear on the Retina of the 
Natural Eye, if it was poffible to be there ſeen. 
Cleon. Sce it you may in the natural Eye, in ſome 

Meaſure ; and, as I know you are very curious in theſe 
Matters, I have prepared fuch an Eye on Purpoſe to 
ſhew you this very Phznomenon therein, You here 
ſee the large Eye of an Ox diveſted of all its muſcular 
and membraneous Parts, and then a circular Hole cut in 
the Sclerotica, or external Coat of the Eye, and alſo 
through the Chorcides which lies immediately within it, 
and then a Part of the Relina appears entire and in its 
natural State : Then I hold this natural Eye up 
againſt the Window, and you ſee the Image of the Win- 
dow perfecily formed on the Retina, juſt in the ſame 
anner as in the artificial Eye, 

Euphroſ. This is, indeed, an experimentum Crucis, 
or capital Experiment in Viſion, than which nothing 
can give a more full and exquiſite Satisfaction, with 
regard to the Manner how Viſion is performed in the 
Eye. 

. But now if a Glaſs, either Convex or Concave, 
be placed before the Cornea of the natural or artificial 
Eye, the Image no longer appears diſtin& on the natural 
or artificial Retina, as you may try with each Eye ſeverally, 
while I apply cach Sort of Glaſs before them. 
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Euphroſ. Then I will take one of the Eyes in one 
Hand, and the other in the other, and, if you pleaſe, 
firſt apply the Convex :———In each Eye the Image 
diſappears, at leaſt its Appearance is very confuſed. 


Now apply the Concave, that I may ſee the Effect of 


that: It is very much the ſame as before, no 
Beauty or Diſtinctneſs of the Image any longer ap- 
pears, and conſequently no Perfection of Viſion in the 
natural Eye. Hence it appears, however uſeful 
thoſe Glaſſes may be on ſome Occaſions, yet, when the 
Eye has its due Form or Figure, they can never be uſed 
without prejudicing the Sight. Pleaſe now to ſhew 
me the Experiment of the Myops. | 

Cleon. For this Purpoſe I muſt ſcrew on the Glaſs 
(No. 2.) whoſe focal Diſtance is only one Inch and 


a Half, ariſing from its greater Degree of Convexity. 


In this Reſpect it will repreſent the Cornea of a ſhort- 
ſighted Eye, as well as in its Effect of forming the Image 
ſhort of the Retina, and, conſequently, it muſt appear 
ery imperfect upon the Glaſs behind: hold it up 
againſt the Window, and ſee the Conſequence of ſuch a 
convex Glaſs, an 
Euphroſ. I do: It very plainly appears, that no 
Image of the Window, or any other Object at a Diſtance, 
can have its Image formed in any Degree of Diſtinctneſs 
on the glaſſy Retina of this Eye. No, pleaſe to put 
before it the concave Glaſs, for a Remedy. | 
Cleon. I will: It is now juſt before the arti- 


ficial Cornea, and, by cauſing the Rays to go leſs con- 
verging, they proceed to the ground Glaſs before they 


unite in a Focus, and there make the Image as perfect 
as before. . 
Euphroſ. J very plainly perceive it; but I obſerve 


Convex Glaſs, | | 
Clem. In order to this, I ſhall put on the Glaſs 


(Ne. 3.) where the focal Diſtance is two Inches and an 
h 1 | | Half, 
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Half, which, as it exceeds the Diameter of the Eye, 


the Image will neceſſarily be ſeen very imperfect on 
the Glaſs behind :——But when I apply a Convex 
Glaſs between the Eye and the Window, you. will 


then ſee, by this additional Convexity, that the Rays 


will be made to converge to a Focus on the glaſſy 
Retina, and there repreſent the Image of the Window 


perfect. Take it in your Hand, and try the Ex- 


riment. | TO 

Euphroſ. I will firſt hold up the Eye without your 
Viſual-Glaſs : There is not the leaſt Appearance of 
any diſtinct Image : One may juſt ſee it is a Window, 
and that is all. Pleafe to apply the Convex.——] 
now ſee the Image of the Window reſtored to its perfect 
Form, but much larger than in either of the foregoing 
Caſes: By this Experiment I am alſo ſatisfied of 
the Reaſon why thoſe who uſe Viſual-glaſſes muſt neceſſa- 
rily ſee all Objects larger than they appear to the naked 
Eye well formed : And fince this is the Caſe, how does 
it come to paſs, Cleonicus, that we do not hear ſhort- 
fighted People ſpeak of ſeeing Things ſmaller, or old 
People of ſeeing them larger, than others who uſe no 


Glaſſes at all? | 
Cleon. There is no ſuch Thing in Nature as a 


Standard of real Magnitude, but only of that which is 
apparent; an Inch, or Foot, or Yard, is as much a 
Standard-meaſure to a Myops or Preſbyta, as to a Perſon 
who views it without a Glaſs : And ſince to each Perſon 


. every Thing appears diminiſhed or magnified in the ſame 


Proportion, they muſt neceſlarily all of them have the 
fame Ideas of apparent Magnitude, ' as the Scale of Com- 

ariſon is ſtill the ſame in all; for Things are only great 
or ſmall, by Compariſon made in the ſame Scale, or by 
the ſame Standard. There is only one Thing now 
which remains to be confirmed by an Experiment, and 


that is, to ſhew how much more diſtin& the Image of 


any given Object is formed by a Glaſs of a proper Aper- 
ture, than by another of an exorbitant Size : For. In- 
ftance, that which you have ſeen in the Eye of two 
Inches Focus is only 3 of an Inch in Diameter: I will 
now put on another Glaſs which is twice as much, or 


one Inch and an Half in Diameter; it is of the e | 
ed foca 
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focal Diſtance, and will form the Image of the Object 
en the Glaſs as before, but with four Times the Quantity 
of Light; on which Account, the Diſtinctneſs of the 
Image will be greatly impaired, and, conſequently, the 
Perfection of Viſion which depends upon it, as you will 
obſerve by the Experiment, 1s deſtroyed, 

Euphroſ. This is a very plain Caſe :——The Image 
is now quite ſiFuſed, or overwhelmed, as it were, with 
Light; and far from being fo diſtin and perfect as it 
was before : By which I am thoroughly convinced what 
Judgment and Care is neceſſary for giving ſuch Apertures 
to optical Inſtruments as are neceſſary for their due Per- 
fection, and, particularly, how abſurd it muſt be ta 


covet a large Spectacle-glaſs, when one of a ſmaller 


Size will ſo much better aſſiſt the Sight. But I. ſuppoſe, 
by this Time, I have ſufficiently tired you with ſuch a 
tedious Series of Speculations in Optics: It will be 
a Relief and Pleaſure to you, as well as me, to change 
the Subject, and make a Tranſition to ſome other Object 
of natural Science, that may afford another kind of Enter- 


tainment. What can you think of, Cleonicus, that Will 


offer itſelf moſt proper for that Purpoſe? 

Cleon. Why truly, my Euphroſyne, we have dwelt 
long on the Science of Optics, and yet have not exhauſted 
the Subject; but, as my Deſign is to give not a critical, 
but curſory View of general Topics, I ſhall now direct 
your Thoughts to another important Branch of Know- 
ledge, which is the Doctrine of Sounds, and give you 
an Idea, ſo far as Lam able, of the wonderful Mechaniſm 
and Structure of the EAR, which is that Organ that 
renders them perceptible to the Mind, and which, I 
preſume, you will find a Subject not much inferior, in 
Point of Curiofity and mental Improvement, to that 
of the Organ of Sight. 
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"DIALOGUE Xx... 
On the general NATURE and CAUSE of SOUNDS, 


Cleonicus. 


ROM the Science of Orrics we now proceed to 
that which is called AcousTics, which treats of 
the Philoſophy, or Doctrine of SounDs, and of the Con- 
ſtitution of the Organ of HE ARiNG, placed in the EAx, 
by which thoſe Sounds are rendered audible, or ſenſible 
to us, under all their different Affections and Circum- 
ſtances. 7 | 
Euphroſ. This Subject muſt 9 afford me very 
uſeful, very inſtructive and entertaining Leſſons; for, as 
the Subject is that of Sound, I naturally conclude, that 
the Science of Muſic will make a conſiderable Part of 
our Speculations, as it conſiſts wholly of an artful Mo- 
dulation and Modification of different Kinds of Notes, or 


. Sou nds. 


Cleon. Music is undoubtedly the eſſential and moſt 
refined Part of the Philoſophy of Sounds; an agreeable 
Scene in Optics, or Perſpective, does not more delight 
the Eye and regale the Mind, than a Compoſition of 


harmonious Sounds delights and pleaſes the Organ of 


Hearing, and, perhaps, of all our Senſations: This 
does more immediately affect both the pathetic and rational 
Part of the human Syſtem; and hence it is, we ſee 
Mankind in general fo fond of muſical Sounds, as it 
affects them with the moſt agreeable and raviſhing Sen- 
ſations : But what inclines me moſt, at preſent, to diſ- 


. courſe to you on this Subject is, the exquiſite Taſte and 


Reliſh you have for the Pleaſure of this Science in every 
Reſpect, and conſequently a Rationale of thoſe Inſtru- 


ments, with which you ſo frequently delight yourſelf 


and Acquaintance, will be very grateful to you. 
Euphroſ. Nothing can prove more ſo ; and I remember 
you formerly hinted to me, when you treated of Air in 
general, and ſhewed the Experiments on the Air-pump, 
that the Nature of Sounds depended intirely upon a cer- 
tain Motion of the Particles of Air, and that by one 


particular Experiment of the Bell it was ſhewn, that 


when 
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when the Air was exhauſted, or taken away, no Sound 
from the Bell could be heard. It is this Motion of Air 
therefore, I preſume, and its various Effects, that you 
now propoſe a farther Explanation of. W 

Cleon. This is more immediately the Object of our 
preſent Diſquiſition: But as I have formerly told you, 
there is a two-fold Motion in the Air, which ought to 
be ſeparately conſidered to have a diſtinct Notion of 
either ; the firſt regards a Motion of: the whole Body of 
the Atmoſphere, or any Part thereof from one Place to 
another; but the ſecond reſpects the Motion of the Par- 
ticles of Air in themſelves ſimply conſidered, and is not 
ſo much a local Motion, from one Place to another, as a 
pulſive or vibrating Motion, which carries the Partieles 
forward and backward, through the very ſame Space. 
Do you think you apprehend me in this Diſtinction, my 
Euphroſyne 2 8 A 

Euphroſ. I believe I do, Clonicus, — By the firſt 
Motion of the Air, I conceive a great Quantity of it is 
carried from one Part of the Globe to another, after the 
Manner we uſually call WiIxp, as you formerly ex- 
plained to me, when you treated of the general Nature of 
the Air and Winds. But the ſecond Motion of the 
Air, or that rather which reſpects the Motion of the 
Particles of Air in themſelves conſidered, I cannot ſay 
I have ſo clear an Idea of; but apprehend it muſt reſult 
from, or depend upon that Power which you convinced 
me exiſted between the Particles of Air, which keeps them 
all at anequal Diftance from each other, and is that which 
you called the Spring, or Elaſticity of the Air. 

Cleon. You recollect very well, my Euphroſyne; it is 
by Means of this Power that, when any one Particle is b 
any Cauſe urged forward, it muſt neceſſarily propel the 
Particle next before it ; this ſecond Particle, in the ſame 
Manner, moves the third; and the third, the fourth; 
and ſo ſucceſſively: By this Means a Motion is pro- 
duced, and propagated in the ſeveral Particles of Air, 
through a certain Space in a Direction forward; but 
then, on the other Hand, when the Force which was 
firſt impreſt upon the elaftic Particle of Air is remitted, 


or ceaſes to act, the Particles return again, by the Action 


of this elaſtic Force, through the ſame Space, And, 
A 2 Jaſtly 
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laſtly, if this Force be repeated, at ſtated Intervals, on 


| theſe elaſtic Particles, there muſt neceſſarily be produced 


in them a mutual vibratory Motion of each Particle, 
ſolong as the repercuflive Force continues to at : And it 
is this Motion of the Particles of Air that is the Cauſe of 
Sound in general. 


7 


Eupbrof. Indeed, Cleonicus, this is ſuch a nice Spe- 


culation that, without a more circumſtantial and plenary 
Explanation, I fear I ſhall ſcarcely be able to get ſuch 


clear and adequate Ideas, as I could wiſh, of the Nature of 
Sound : But, I ſuppoſe you can render it more facile by 
Experiments, or ſome Illuſtrations of that Kind? 

. Cleon, I can aſſure you, my Eupbroſyne, there is no 
one Partof natural Philoſophy more intricate and difficult 
to explain, than the Nature and Action of an elaſtic 
Fluid. This was experienced and acknowledged by 


Sir Iſaac Netvton himſelf; and we find, by his Commen- 


tators on his Principia, that it was in treating of this 
Subject only, that they apprehended this great Man 
capable of a Miſtake : But it will not follow from hence, 
that, becauſe ſome Parts are exceeding difficult, we 
ſhould not contemplate and improve our Minds with the 
Study of thoſe which are more eaſy and uſeful ; and 
therefore, to facilitate your Apprehenſion of what relates 
to the Doctrine of Sounds, I ſhall conſider, in the firſt 
Place, the Nature- of thoſe Forces, and the Manner in' 
which they act on the elaſtic Medium of Air, by which. 
that peculiar Motion is generated which proves the Cauſe 
of Sound Secondly, the general Properties of the 
Pulſes of Air, and the Manner in which they are pro- 
pagated. Thirdly, the artificial Modulation of 
Sounds, both inſtrumental and vocal, ſo as to render 
them harmonious and muſical to the Ear. Fourthly, 
the Organs furniſhed by Nature for forming and variouſſy 
modulating animal Notes, or Voice.—Fifthly, the par- 
ticular Conſtruction of the Organ of Hearing, placed 
in the Cavity of the Ear, for raiſing in the Mind the 
Senſation of Sound, 
Euphroſ. Theſe ſeem to be very curious and important 
Topics, and it will give me great Pleaſure to hear you 
explain and expatiate upon them: Pleaſe, therefore, to 


begin with the firſt of them, in which you ſignify the 


original Cauſe of Sound conſiſts, 3 


. gy ST YR Ta EPS 


aa n oY 


us _—__ . p—_—Y 1 1 LES GW 


 _ 


— 


\ 
% 


AND LADY's PHILOSOPHY. 357 


Cleon. The firſt Thing to be conſidered in the general 
Idea of Sound is, the percuſſive Force, or Stroke, which 
is made upon the fonorous Body, whoſe Parts are thereby 
put into Motion, and this Motion is to be underſtood 
to be that which is produced by elaſtic Parts, or Particles, 
of which ſuch Bodies confiſt ; for without ſuch an elaftic 
Diſpoſition of Parts they could not by any Means be 
rendered ſonorous, or capable of emitting Sounds, becauſe 
the Stroke, being made externally, affects the Particles 
of ſuch a Body but with one ſingle Act; the Particles 


of the Body could therefore, in ſuch a Caſe, be moved 


through a certain ſmall Space, and would there ſtop by 
the Reſiſtance of the Parts beyond; and without an 


_ elaſtic Force the Particles would remain at reſt, after the 


percutient Body is removed; and therefore, from -one' 
ſingle Stroke, the Parts of Bodies unelaſtio could emit but 
one ſingle Sound, as they can affect the Air but by one 
ſingle and unrepeated Action: In ſuch Caſes we uſually 
ſay, we hear the Stroke, and that is all, as when we ſtrike 
with a Hammer on a Piece of Lead, and other ſoft and 
unſounding Subſtances : But when we conſider the 
Stroke impreſſed on Bodies, whoſe Parts are in an 
conſiderable Degree elaſtic, they not only yield to the 
Stroke and go forward through a ſmall Space, but, after 
the ſtriking Body is removed, thoſe elaſtic Parts, by their 
renitent Force, return again with a Velocity equal to that 
by which they were diſplaced: And thus a Motion being 
produced of a vibratory Nature will continue a ſenſible 
Time, and produce ſucceſſive Impulſes on the contiguous 
Air; and the Air being thus agitated by the elaſtic Par- 
ticles of the Body, tranſmits its Pulſes ſucceſſively to the 
Ear, and there produces a Senſation of Sound of ſome 
Duration : And theſe are what we properly call ſonorous, 
or ſounding Bodies. Thus, a fine wire String being 
ſtrained with a Weight, or otherwiſe, becomes elaſtic, 
and if it be properly ſtruck with a Quill, it will emit a 
Note, or Sound, which will continue audible a con- 
ſiderable Time after the Stroke. ——Alfo, if a Bell, 
or Glaſs, be ſtruck in a proper Manner, they will 
emit Sounds of conſiderable Duration; for which Rea- 
ſon they become the fitteſt Inſtruments for muſical Moy 
dulations, 1 EE 
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Eupbroſ. Theſe Things I am well aſſured of from 
every Day's Experience; but there is one Thing I ob- 
ſerve in the Account you have given, which ſeems to 
render the Word Sound of a complex Signification, or as 
if it was one general Idea compoſed of an infinite Num- 
ber of ſimple Sounds, ſo quick repeated as to be all 
united in one: For, by what you ſay, I collect, that at 
each Return of the vibrating Particles of the Body, a 
new Motion is impreſſed upon the elaſtic Particles of 
Air, and, conſequently, that the Pulſes of Air will ſuc- 
ceed each other at Intervals of Time equal to thoſe in 
which the vibrating Motion of the Parts of ſuch Bodies 
are performed : But as thoſe Intervals, or Moments of 
Time are fo exceeding ſhort, as to be altogether inſen- 
fible, the diſtin Succeſſion of the Pulſes of the Air 
muſt be ſo too, and conſequently they altogether conſti- 
tute but one general, or compound Sound. Is not this 
the Caſe, Cleonicus? | : 
Clean, It is, my Euphroſyne, and as accurately as [ 

could have expreſſed it myſelf. —— The Caſe here is 
much the ſame as in Optics: A Beam of Light, conſiſt- 
ing of Rays infinitely different in Refrangibility, will 
cauſe that each particular Sort of Rays ſhall make one 
particular Image of an Object in the Axis of a Glaſs; 
and conſequently, that though an Infinity of Images are 
thus formed, yet, being infinitely near each other, they 
all make but one compound, yet very diſtinct, Image to 
the Eye. Or thus: You have ſeen an Experiment, 
no Doubt, of a Boy's whirling round a red-hot Coal, 
which, to Appearance, makes a very compleat fiery 
Circle; but this is only a general Idea arifing from the 
particular Ideas of the Coal in the ſeveral Parts of the 
Circle; and as the Coal ſucceeds to thoſe Parts fo very 
quick, that there is no Time for the firſt Idea to be 
obliterated before it is excited again ; fo the Idea of the 
Coal in every Part of the Circle remaining, they muſt 
neceſſarily exhibit to the Mind the general Idea of a 
Circle of Fire, as aforeſaid. - And, indeed, if we 


rightly conſider Things, we ſhall find that moſt of our 
Senſations are performed in the Groſs ; that our Powers 
and Faculties are not ſufficiently acute and perfect to 


diſtinguiſh or comprehend the moſt minute and fimple 
þ Operations 
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Operations of Nature. It is the ſame in regard to all 
our other Senſes : Our Smell confiſts of an infinite Num- 
ber of particular Senſations raiſed by the Action of innu- 
merable Efluvia on the Organ of that Senſe: And the 
like may be ſaid of the Senſation of Te, from ſaporific 
Particles, | ny | 
Euphroſ. As this is the Caſe, how comes it to paſs 
that our Ideas of thoſe very complicated Senſations ſhould 
yet be ſo very diſtinct and perfect as they are ? x 
Cleon, Your Queſtion is very apropos, my Euphroſyne, 
and [muſt anſwer you in the Dialect of the Muſicians, that 
the particular Sounds excited by the elaftic Particles are 
all Uniſons, or of the ſame Note, and therefore can 
make all together but one Sound to the Ear, or rather a, 
Sound of but one Note. An inconceivable Number of 
ſmall Drops of Water put together form only one larger, 
or collective Drop, which, in every Reſpect, reſembles 
each one of the ſmalleſt ———So the Action of an 
infinite Number of Particles, being all of the ſame Tenor, 


excite only a JN or collective Idea of the ſame 


Action on the Organ of Smell or Taſte: But this is an 
Affair which requires notſo much Prolixity of Explanation 
to my Euphroſyne. | 

Euphroſ. Indeed, I think you have given me a very 
clear Account of the firſt Operation of Nature in the 
Production of Sound. ——— The ſecond Thing you 
propoſed, I make no doubt, will prove equally ſatisfac- 
tory, to the Explication of which I ſhall be equally 
attentive. | 

Cleon, The Properties of the Pulſes of Air, in which 
the immediate Cauſe of Sound conſiſts, I cannot better 
illuſtrate than by making, in ſome Degree, a Compariſon 
betwixt them and the Waves of Water, as well in 
Things wherein they diſagree as thoſe wherein they agree, 
and they will mutually help to explain each other; the 
Principal of which are as follow :———lf a Stone falls 
on the Surface of Water, by its Weight, or Force, 
it will ſtrike and deſcend into it : But the Deſcent being 
ſudden, or momentary, gives no Time for the Particles 
of Water to move Sideways to make room for the Stone, 
but are forced to riſe inſtantly, as it were, upwards above 
the common Level; and being raiſed up, they defcend 

P again, 
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again, by Virtue of their Weight, juſt as far below the 


Surface: In doing which, they muſt drive a Part of 


the Water beyond them into a higher Situation, and ſo 
produce a ſecond Wave: This, again, upon its Deſcent, 
cauſes a third Elevation, or Wave of the Water next 
beyond it: And this, in deſcending, a Fourth, and fo 
on, till at Length they reach the Bank, or Shore, upon 
which they break and vaniſh. And here it is very 
remarkable, that the Generation of Waves in Water 
being produced by the Power of Gravity, their Motion 
will be analogous to that of a Pendulum, which is 
produced by the ſame Cauſe. The larger the Body 
is which deſcends in the Water, the larger and more 
rapid will be the Motion of the Waves; and it is found 
both from Reaſon and Experience, that if a Pendulum 
be of a Length juſt equal to the Width of the Wave, 


their Motions will both coincide, or be performed in 


the ſame Time. | 
 Euphroſ. Now let me ſee, Cleonicus, before you go 
farther, if I can illuftrate to myſelf this Matter. by an 
Example. I have heard you ſay oftentimes, that if the 
Length of a Pendulum be 39 fg Inches, its Vibrations 
will be performed in a Second of Time; from whence 
J infer, that if a Stone falls upon the Water that ſhall 
produce Waves at the Diſtance of 39 & Inches from 
each other, then they will move through that Space, or 
ſucceed each other in a Second of Time. 
Cleon. You completely underſtand this Affair, I ſee: 
Therefore I ſhall next obſerve -that the Pulſes of 
Air and Waves of Water diſagree in their Cauſe, ſince 
the one is owing to Elaſticity, . and the other to Gravity; 
but this, notwithſtanding, they both agree with the 
Pendulum in the Nature of their Motion, as they are 
all of the vibratory Kind. —— Another Thing in which 
the aqueous Waves differ from aereal Pulſes is, that the 
former are of a circular Form, as generated on the plain 
Surface of the Fluid; but the others are neceffarily of a 
ſpherical Form, as they are produced in the Body of an 
elaſtic Fluid. | | : | 
_ Euphroſ. This, on the Surface of the Water, is 
evident to Senſe; the Waves are there concentric Circles : 
And in the Body of Air I find no Difficulty in appre- 
* ns 
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hending they muſt be of a ſpherical Form for as the 
Motion begins from the ſounding Body, it muſt be 


communicated to, or equally impreſſed on all Parts, 
which therefore muſt generate Pulſes of Air, diffuſing 
themſelves equally every where in a ſpherical Form. 


Cleon. You are, indeed, very happy, my Euphreſyne, 


in your Genius for phyſical Speculations : ——— In 
Conſequence of this Property of the Pulſes of Water 
and Air, we may eaſily obſerve another, which reſpects 
the Degree of Strength in each Pulſe, or Wave, as the 


Force of the firſt Wave is ſpent in generating the Second 3 
and that ſecond Wave being a Circle at a greater Diſtance 


than the Firſt, will occaſion a much greater Quantity of. 


Water to be put into Motion, conſequently,” the Force. 


in any particular Part of the ſecond Wave will be as 
much leſs than it was in a like Part of the firſt Wave as 
the Quantity of Matter was greater, i. e. the Force in 
the ſecond Wave is to that of the firſt Wave, as the 
Circumference of the Firſt is to that of the Second; 
or the Forces decreaſe as the Waves increaſe in Circum- 
ference, or as their Diſtance from the Center is greater. 
But with reſpect to the Waves, or Pulſes of 
Air, the Caſe is different; for theſe being of a ſpherical 


Form, the Force in each muſt neceſſarily decreaſe in : 


Proportion as the ſpherical Superficies, or the aereal 
Pulſes increaſe, which, as the Geometers demonſtrate, 


is in Proportion to the Square of the Diſtance from the 


Center. 8 

Eupbroſ. That is, if I underſtand you right, Cleonicus, 
the Force in the ſecond Wave of Water is but half as 
great as the Firſt, and the third Wave is 3 Times weaker, 
and ſo on; but in regard to the Pulſes of Air, the Force 


of the Second will be 4 Times leſs than that in the 


Firſt, and in the Third, it will be 9 Times leſs; in 
But one 


the Fourth, 16 Times leſs, and ſo on. 
would think, as the Pulſes of Air decreaſe ſo faſt, they 
could not have that very great Effect upon the Drum 
of the Ear, or produce fo loud a Sound as they gene- 
rally do, | 

Cleon, Our Organs are ſo conſtructed as to have the 
ſtrongeſt Ideas excited by the ſmalleſt Action of natural 
Bodies _ them. How infinitely {mall are the Actions 


{of 5 
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cf the Particles of Light on the optic Nerve in the 
Eye, and yet how great and glorious are the Ideas which 
thence ariſe | In like Manner, we perceive how very 
ſenſible the ſmalleſt Motions of the Air will be, by a 
common Whiſper, which is ſufficiently audible to a good 
Ear ; or the moſt feeble Notes produced from a ſounding 
String, as they die away. | | 

Euphroſ. I frequently obſerve the Things you ſpeak of 
with Wonder and Admiration.—And another Thing I 
obſerve will follow from what you have ſaid of the ſpheri- 
cal Pulſes of Air, and that is, that the Sound of a Body 
muſt neceſſarily be heard on every Side, and be equally 
ſtrong at an equal Diſtance. ; 

Cleon. This naturally follows, from the Manner in 
which they are propagated, as you rightly obſerve ; and! 
ſhall farther add, that if the Waves on the Surface of 
W ater are obſtructed by any Obſtacle, as ſuppoſe a large 
Plain with a Hole in any Part, the Motion of the 
Waves, as they apply to the Hole, will be propagated 
through it, and on the other Side will begin to ſpread 
themſelves into a circular Form; becauſe the Motion, 
produced in any Partof a Fluid, is impreſſed every Way 
equally, and therefore from the Hole, the Agitation of 
the Water will proceed in a circular Form as well as 
from the Body itſelf which produced it- It is in the 
ſame Manner that they are continued by the Sides of an 
Obſtacle, and, after having paſſed beyond it, begin 
to diffuſe themſelves into circular Forms behind it. This 
you may eaſily try, by an Experiment even in a Veſſel of 
Water. 

Euphroſ. I ſhall amuſe myſelf with Experiments of 
this Kind at my Leiſure.—I ſuppoſe you conclude from 
hence, that the Pulſes of Air too, after they proceed 
through Holes, and Obſtacles round about their Surfaces, 
in like Manner diffuſe themſelves, and proceed every 
Way in a ſpherical Form. 

Cleon. They certainly do ſo; and from thence it is 
that we find, if a Gun be fired on one Side of a Hill, a 
Perſon placed any where on the other Side will be very 
ſenfible of it. But as the Waves of Air in this Caſe muſt 
take a much larger Circuit to reach the Ear, the Sound 


muſt, of Courſe, be weaker, than where there is no 
. ſuch 
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ſuch Obſtacle, and it arrives in its ſhorteſt Courſe and 
with its full Force. . 3 

Eupbroſ. You have inſtanced ſome Particulars wherein 
there is 2 conſiderable Reſemblance between the Effects 
of Optics and Acouſtics, in the Formation of the Images 
of Objects, and Sounds in ſtriking Bodies; but pray, 
Cleonicus, is there any Conformity in the Manner in 
which Light and Sound are propagated? The Reaſon of 
my aſking is, that I have read and heard more on that 


Subject, than I was ever able to comprehend. 


Cleon. That you may very eaſily do, my Euphroſyne : 


When People undertake to explain Things by an Hypo- 
theſis not founded on the plaineſt Dictates of Reaſon, 


and unſupported by the moſt indubitable Experiments, 
it is no Wonder if we hear them ſay a great deal which 
muſt be neceſſarily unintelligible to every Body. Such 
is the Caſe when we are told of a ſubtle Medium, by the 
Undulation of whoſe elaſtic Parts, the Particles of 
Light are put into a vibrating Motion, (like the Particles 
of Air we have been ſpeaking of) and therefore the 
various Senſations of Viſion are occaſioned by theſe 
lucific Pulſes of the ſubtle Medium, in the ſame Manner 
as Sounds are produced by thoſe of common Air, 
But if this was the Caſe, you will eaſily apprehend that 
all the other Properties of Motion, produced in an elaſtic 


fluid Medium, muſt neceſſarily be allowed: One of 


which is, that ſuch a pulſive Motion of Light being 
excited, its Undulations will be continued every Way 


_ equally, and, conſequently, in their Paſſage through 


Holes, and by the Sides of Obſtacles, they will (like 
thoſe of elaſtic Air) expand themſelves into all the bor- 
dering Spaces round about, and even behind thoſe Ob- 


ſtacles, and ſo, of Courſe, would fill all the Parts 


behind ſuch Obſtacle with Light : But this we find is 
contrary to all Experience ; the Rays of Light, inter- 
cepted by any Sort of Obſtacle, leaving the Spaces wholly 
dark behind, and thoſe dark Spaces, or Shadows as we 
uſually call them, are always ſuch as are terminated 
by Right-lines drawn from the extreme Part of the 
radiant Object, and that which intercepts its Light. 
— The Motion of Light, therefore, is undoubtedly 
propagated in Right-line Directions only, from a 
| | pulſive 
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pulſive Force it originally receives in its proper Fountain 
the Sun, which renders the Doctrine of a ſubtile Medium 
1, go wah abſurd, in reſpe& to the Propagation of 
ght. 252 5 | 
” Puphroſ” T am thoroughly convinced, by what you 
have ſaid, that Light cannot be propagated in the Man- 
ner Sounds are; for, if that were the Caſe, they would 
bend round the Sides of the Earth, and make us one 
perpetual Day : An Eclipſe of the Moon would 
be a Thing impoſſible in Nature, and we ſhould never 
have known or have had the leaſt Ideas of a Firmament 
of uſeful Stars. It appears to me, that the plaineſt 
Things in Life may be perverted into a Matter of ſur- 
prizing Difputation, by a Set of People who ſeem to 
have no intellectual Optics, ſince even the very Doctrine 
of Shadows itſelf muſt, one would think, have beamed 
on their Minds the Light of 'Truth.—But to return; 
Pray, what are the next remarkable Properties of Air 
in reſpe& to Sounds ? | 

Cleon. The next Property of theſe aereal Pulſes is, 
that they are ſubject to a Reflection from any fixed Plain, 
or Obſtacle, from the ſame Cauſe with that of the Parti- 


cles of Light; for the Particles both of Light and Air, being 


folid Bodies, will be equally reflected by the Re- action 
of the Particles of any fixed Object on which they 
ſtrike; and this Reflection of the aereal Particles muſt 
neceſſarily produce Agitations, or Vibrations in the 
Medium, which proceed every Way equally in Form of 
pherical Shells, as before, and this repercuſſive Motion 
of the ſonorous Air will produce a „tl Sound, or 
rather an Image of the Firk, if one may ſo ſpeak; 
and this Repetition of the Sound is what you have 
been ſo often amuſed with under the Name of an Echo. 


Eupbroſ. In all this I underſtand you very well, as 


there is no more Difficulty in conceiving the Relation 


there is between the Sound and its Echo, than there is 
between the Object and its Image by reflected Light : 
But a Circumſtance in which they differ is this, 


that, with regard to Light, the Angle of Reflection, to 
the Eye, muſt be equal to that of Incidence, that the 
Image may appear: But, let me ſtand where I will, I 
hear the Echo, though not equally plain and diſtinct. 
. | I 
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Il have often taken Notice, when I have been 
walking in the Fields, at a. Diſtance from the Town, 
that this Reflection of Sound has been extremely ſenſible 
in a Variety of- Echos, from every conſiderable Sound 
which has had Force enough to {ſtrike againſt the Side 
of our Church, for producing ſuch a Repercuſſion, or 
Reflection: Thus, the Report of a Gun is always 
heard twice; and it was not long ſince I obſerved a Man 
cleaving of Wood at about a Quarter of a Mile Diſtance 
from the Church, and every Stroke upon the Wedge was 
reſounded, or echoed from the Side of the Church in ſa 
diſtint a Manner as afforded me no ſmall Amuſement 
during the Time of Obſervation : But one Thing 1 
took particular Notice of, which was, that the Echo 


did not ſucceed immediately to the Sound of the Stroke, 


but after an Interval of Time ſo conſiderable, that I 
could not help taking particular Notice of, and reflect- 
ing fome Time on the Cauſe, or Reaſon thereof, which, 
at Length, IJ concluded muſt be, the temporary and 
progreſſive Motion of Sound: By which Means, the 
Time which the Particles of Air employ in this direct 
progreſſive Motion of their Vibrations from the Man to 
the Church, and from thence to the Ear, is ſuch as 
makes the Echo at ſuch a ſenſible Diſtance of Time from 
the Sound itſelf, | : 

Cleon. Theſe Echos oftentimes afford a pleaſant Amuſe» 


ment to the Curious, eſpecially where and when you 


find ſuch Surfaces which are called the phonocamptic Plane, 
that ſhall reflect the Particles of Air with the greateſt 
Regularity and Perfection: For, in the Writings of 
Naturaliſts, you will oftentimes find ſuch Hiſtories of 
Echos as are very ſurprizing, and almoſt incredible; 
ſuch, for Inſtance, as will repeat not only Syllables, but 
even Words, diſtinctly, and ſometimes ſo many of 


them -as really to make the Echo ſpeak ; from whence 


theſe Echos are called polyphonous, tautological, or prattling 
Echos, which oftentimes afford a pleaſant and ludicrous 
Theme as well to the Poet as the Philoſopher, as you 
may ſee in Biſhe's Art of Poetry, and other Compoſitions 
of: that Kind, under the Word Echo. „ 
Eupbroſ. Then, I ſuppoſe, this very Phænomenon of 
a talkative Echo will have another Inſtance of Reſem- 
5 -z | | blance 
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blance to that of reflected Light, viz. that whereas the 
Image is ſeen in the Direction of the reflected Ray, and 
conſequently in or behind the Glaſs, juſt ſo, I imagine, 
the Voice of the Man who is ſpeaking muſt, in the 
Echo, be heard as coming from the Plane; and there- 
fore the Man himſelf and his mimic Echo muſt be heard 
from two diſtant Places; for thus it is, I know, by 
Experience, in all the fingle Echos I have heard, 
Cleon. In this you are perfectly right: And, to carry 
the Compariſon ftill farther in regard to the Reflection of 
Light and Air, it is to be obſerved, that as the Image 
by Reflection from a plain Surface is nearly as ſtrong, 
vivid, and perfect as the Object ſeen by direct Rays, fo, 
in the Repetition of Sound, the Echo differs but ve 
little from the original Sound, unleſs the Diſtance be 
great; and ſtill nearer would it approach thereto if the 
phonocamptic, or reflecting Plain for Sound, was poliſhed 
as perfectly as that for the Reflection of Light. And I 
can aſſure you, my Euphroſyne, were J poſſeſſed of that 
enormous Wealth as many Perſons are, I would make 
it my Buſineſs. to find the beſt Situation of a Plane for 
reverberating Sounds, and then would directly face the 
whole with Stone or Marble of a curious poliſhed Surface, 
on Purpoſe that it might be found, by Experience, what 
Perfection this Part of Acou/tics which relates to Echos 
is capable of. Again; as a poliſhed Plain neither 
magnifies nor diminiſhes an Object, ſo neither can it 
increaſe or diminiſh the Intenſity of Sound: But as 
Glaſſes may be fitted ſo as to magnify and diminiſh the 
Appearance of Objects, ſo likewiſe are Inſtruments 
to be formed for magnifying or diminiſhing Sounds, 
when there is Occaſion tor it, which not very rarely 
happens. i | 
Euphroſ. Such Inſtruments, I ſuppoſe you mean, 
Cleonicus, as are called ſpeaking and hearing TRUMPETS; 
the former of which magnifies the Sound of the Voice, 
and thereby occaſions it to be heard at very great Diſtances : 
For which Purpoſe, I know, they are of very great Uſe 
at Sea, in tranſmitting the Voice in an audible Manner 
from one Ship to another, which would otherwiſe be 
impoſſible to be heard. The latter, I obſerve, are uſed 
by People who are very deaf, in order to magnify common 
Sounds upon the Organ of Hearing, 
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Cleon. It is very true, my Euphroſyne; the Speaking- 
trumpet is analogous to a magnifying Glaſs, or Speculum, 
in Optics, which makes the Image of an Object bigger 
than the Object itſelf ; ſo the Speaking- trumpets are con- 


ſtructed in ſuch a Manner, as to magnify the Sound of 
the Voice; for the Force of the Voice, naturally, is 


ſpent upon all the circumambient Air; whereas, by 
Means of the Trumpet, the whole Force of the Voice is 
made to act upon that Quantity of Air only which is con- 
tained in the Tube of the Trumpet, by which Means 
that ſmall Parcel of Air will be put into a much greater 
Motion, and have its Vibrations excited and rendered 
much ſtronger than they could otherwiſe be at a given 
Diſtance from the Mouth. Thus, for Inſtance, at the 
Diſtance of the End of the Trumpet, the whole Force 
of the Voice agitates the Air only contained in the Area 
of the ſaid Trumpet's Aperture: Whereas, without 
the Trumpet, that Force is diffuſed into a whole ſpherical 
Superficies, whoſe Diameter is twice the Length of the 
Trumpet, which Superficies may be 400 Times greater 
than the Aperture of the Trumpet; and therefore the 


Intenſity, or Strength of the Voice, will be ſo many 


Times increaſed, or magnified by the Trumpet. Hence, 
by Means of ſuch a Speaking-rrumpet, People at a Di- 
ſtance can hear us to the ſame Advantage as they can ſee 
us by the Uſe of a Teleſcope, | e 

Euphroſ. After the ſame Manner, then, I preſume, 
a Perſon who is hard of Hearing has this Organ, or Senſe, 
aſſiſted by a Trumpet of nearly the ſame Form; for as 
the Vibrations of the Air are too weak to produce an 
audible Sound on ſuch an Ear diſtinctly, therefore a 


Trumpet, being applied to the Ear, receives the languid 


Pulſes of Air, and, by a conſtant Repercuſſion and 
Agitation of the Air in the Tube, heightens and increaſes 


its Force in Proportion as the Space becomes leſs, or the 


Tube is narrower, till it reaches the Drum of the Ear, 
where it becomes ſo great as to render the original Sound 
of the Voice diſtinct and audible to that deafened Organ, 


—'Fhis Effect, I apprehend, is ſimilar to that of 
viſual Glaſſes to a deficient, or long ſighted Eye: So 
that, by the Aſliſtance of Art, both the Organs of 
Sight and Hearing may, when deficient by Age, receive 

conſiderable 
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conſiderable Improvements, and, as it were, a Renovation 


to the End of Lite. # 5 

Cleon. Before we leave this Subject of magnifying 
Sounds, I muſt put you in mind of the Whiſpering-gal- 
lery in St. Paul's, which gave you ſo much Surprize 
and Entertainment when you was laft at London : You 


then heard a Voice fo loud and diſtin as if the Perſon 


was within the Diſtance of a few Feet; whereas, he 
was really at the other Side of the Gallery, and his 


Voice emitted in Whiſper ſo low as not to have been 


heard by you near him, had it been expreſſed in a Room 
of a common Form. But this ſmall Force of the Voice, 
being impreſſed upon the Air contained in the Room, or 
Space above that Gallery, was greatly increaſed, by a 
conſtant Reflection and Reciprocation from the ſpherical 
Surface of the ſaid Dome, and became as it were at 
Length converged and condenſed on the Drum of the 
Ear, which, though at the Diſtance of the whole Diame- 
ter of the Dome, are rendered ſufficiently ſtrong to 
excite the Idea of every Word that is ſpoke. ——— But, 


after all, it muſt be confeſſed,” that few of our acouſtic 


Writers ſeem to underſtand the Cauſe of this Phznome- 
non, and to explain it with that Clearneſs and Satis- 


faction, as Opticians do with reſpe& to the Microſcope, 


for magnifying the ſmalleſt” Objects, or rendering them 
very diſtinct to the Eye. I ſhall mention only one 
Inftance more, in which there is a e e between 


Light and Sound, viz. in regard to Velocity; but in this, 


though the Velocity of Sound be exceeding great, yet it 


bears ſcarce any Proportion to the Velocity of Light; 


for the latter cannot be rendered ſenſible, or meaſured by 
any common Experiment. However, by ſome Obſer- 
vations of the new and improved Aſtronomy, the Velocity 
of Light is found to be about 12 Millions of Miles per 
Minute: Whereas, the Velocity of Sound is found, by 
unexceptionable Experiments, not to exceed 1142 Feet 


per Second: And hence it is, that we find a conſiderable 


Time intervenes between ſeeing the Action, the Stroke, 
or Exploſion of a Gun, and hearing the Sound thereof, 
viz. ſo many Seconds as the Number 1142 Feet is con- 


| tained in the Diſtance between us and the Object that 


emits the Sound, 


AND LADY'S PHILOSOPHY. 369 
Bupbroſ If this be the Caſe, it muſt be eaſy to mea- 


ſure the Diſtance of an Object by meaſuring that Interval 


of Time, which, I ſuppoſe, you can very readily do by 


Pendulums. 

Clean. Les, very eaſily, my Euphroſyne ; and for that 
| Purpoſe I have here provided you a half-ſecond Pendulum; 
for by that alone you may very nearly meaſure the Diſtance 
of a Cloud, at any Time, when it Thunders and Lightens : 
For Inſtance, the next 'Thunder-ſtorm, you hang up 
the Pendulum on a Pin, and hold the Bob in your Hand 
ready to let it go upon ſeeing the Flaſh ; then, telling 
the N umber of Vibrations which are made between that, 
and hearing the Clap of Thunder, you have meaſured 
that Interval of Time in Half-ſeconds; half that Num- 


ber is the Number of whole Seconds, which the Sound 


takes up in coming from the Cloud to the Ear, to each of 
which you allow 1142 Feet, and, conſequently, you there- 
by know the Diſtance of the Cloud in Feet to a great De- 
gree of Exactneſs, and which, indeed, cannot be found ſa 
truly in any other Way. 

Puphroſr I am obliged to you for this little Inſtrument, 
and ſhall put it in Uſe, according to your Direction, the 
firſt Opportunity that offers. f 


DIALOGUE XXI. 


Of the PROPERTIES of SOUND, With reſpect to 
Music, or Harmony. 


Cleonicus. 


E have hitherto conſidered the Properties of 
Sound which reſult from the Manner in which 


they are generated and propagated; and as Sound conſiſts 
wholly in the vibrating Motion of the Air, it was natural 


to obſerve, that the different Forces by which thoſe 
Pulſes ftrike the Drum of the Ear, will raiſe thoſe Ideas 
in the Mind which are expreſſed in the various Degrees 
of Hrong and weak Sounds; or otherwiſe diſtinguiſhed by 
loud and lew; for in Proportion as the Force is greater 
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on the Membrane of the Ear, ſo the Sound will ever be 
ſtronger or louder, and vice verſa. 
 #uphroſ. This I can very eaſily Unt . 
But what are thoſe Affections of Sounds which you 
call their Notes, or Tones, with their various Diſtinctions, 
as I find them in my muſical Books ? Something of this 
Kind I ſhould be glad to underſtand, as I-ſhould be then 
ſaid to join a little Theory with my Practice. | 
Cleon. Lou muſt not, my Euphroſyne, expect much 
to excel in both : It is a Thing hardly ever known, 
that a Perſon was compleatly ſkilled in the Theory of 
Muſic, and, at the ſame Time, a great Proficient in 
Practice. I am very well informed, that HANDEL him- 
ſelf knew but very little of the Philoſophy of Muſic, at 
leaſt the mathematical Part thereof, —W hat you 
* enquire after now, are the firſt — of natural 
Muſic, and they are extremely eaſy and ſenſible to what 
we may properly call an harmonic Ear; but to others, 
they have but very little Diſtinction, or Meaning: Such 
People hear Talk of the Seven natural Notes of Muſic, 
as a blind Man may of the ſeven different Colours of 
Light; for in neither Caſe can any diſtinct Ideas be for- 
med of the Objects: But an Ear like yours, naturally 
formed for hearing Sounds, will readily apprehend what 
is meant by their Tone, or Tune, with all their Differ- 
ences and Gradations. You will then, in the firſt Place, 
conſider, that the human Mind is naturally diſpoſed to 
be pleaſed and delighted with ſome particular . 
of Sounds above others: Thus the Sound of a String, 
properly ſtrained and ſtruck with a Quill, is generally 
very agreeable to every Ear; but thoſe who have a muſical 
Ear will find the Tone of that String, when put in 
Motion by the Air, till much finer and more exquilitely 
pleaſing, as you yourſelf may be thoroughly convinced of 
by the Experiment of the Z#olus's Harp. But other 
Sounds are emitted from Bodies, which are as diſagreeable 
and uneaſy to the Ear; as in the Caſe of whetting'a 
Saw, Sc. where we are to obſerve, that all the Degrees 
from the moſt grating to the moſt pleaſing Sound arrive 
principally from the Manner, in which the ſame Body is 
{truck, or put into Motion : The finer and more delicate 


the Touch, the more delightful and exquiſite the Note 
. that 
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that enſues, as we, by Experience, find in the Valin, 
the Spinet, the Lyrichord, the Dulcimer, and the Z#olian 


Harp. Allo, if a Glaſs be properly ſtruck with 


a Wire, it will emit a pleaſant Sound; but if it be 
artfully touched with a Finger a little wet, the Sound 
will be ſtill much finer and more agreeable; from all 
which we may collect, that all we mean by the Notes, 
or Tones of Sound, is ſuch a Modification thereof as 


renders them more or leſs agreeable to the Ear. 


Euphroſ. I believe I underſtand you in all that you 
have faid, and, therefore, ſuppoſe that theſe Sounds, 


emitted from Bodies, which are moſt agreeable and 


pleaſing to the Mind, are fuch as you call harmonical 
Sounds, or muſical Notes, and of which the Muſicians 
ſerve themſelves in their various Compoſitions.—But what 
is that you call Concord, or Diſcord, in Sounds ? 

Cleon. By Concord, is meant the pleaſing Agreement of 


any two or more Sounds, or Notes; and by Diſcord, of 


Courſe, we mean the diſagreeable Effect of two or more 
Sounds, upon the Ear, following each other in Succeſ- 
fion : For the Mind of Man is alſo naturally formed to 
receive. Pleaſure from a certain Succeſſion of Sounds, or 
ſuch as follow each other at proper Intervals; and for this 


| Reaſon they are called, the muſical Intervals of Sounds: But 


when Notes, or Sounds, ſucceed in a different Manner, 
and at other Intervals, then they become inharmonious 
and difagreeable. And it now remains, that I ſhew you 
what Kind of Intervals of Sound, in Succeſſion, are of a 
muſical Nature, and on what Principles they depend. — 
The eafieft Method for this Purpoſe will be, that of a 
String properly ſtrained on a Board, on whoſe Vibrations 
each Tone will be found to depend: Accordingly, I 
have here provided you with ſeveral of thoſe Strings, of 
different Sizes, Length, and Degrees of Tenſion; for 
you muſt obſerve, that according to the Time in which 
a String vibrates, its Note will vary with reſpect to high 
or low, or what the Muſicians call Grave and Acute. 
For Inſtance; the Wire you ſee here, being ftrained 
pretty tight, emits a Sound when I ſtrike it with a 
Quill, which is conſiderably ſtrong, high, or acute :— 
But now 1 will relax it a little, and then, ſtriking it, — 
you readily obſerve the Difference there 1s in the Note, 
B b 2 1 viz. 
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viz. that it is now much lower, or more grave as they 
call it; and this Variation, with reſpeC to grave and acute, 
depends, as ſaid, on the different Time of the Vibrations 
of the String; for you muſt know, that the Vibrations 


of a String are analogous to thoſe of a Pendulum, and 


are all performed in equal Times, while the String con- 
tinues in the ſame Circumſtances: But the Times of the 
Vibration of the String will be varied according to its 
Size, Length, or Tenſion. Thus for Illuſtration, ſuppoſe 
two Strings of equal Lengths, and ſtretched with equal 
Weights, but the Quantity of Matter in one juſt 
double that of the other, then the Time of one Vibra- 
tion of the largeſt will be juſt double to the Time of 
a Vibration of the Leſſer, and the Note or Tone will 


be twice as low, or more grave, in the firſt than in 


the laſt. | 
Euphroſ. This IT readily apprehend, from the Ex- 
periment ; for ſtriking the two Strings ſucceſſively, I 


find that which has the leaſt Diameter has a Note or Tone 


higher than the other, by what is called an O&ave: 
HH But now I have mentioned that Term, I ſhould be 
glad if you would give me ſome hint of the Etymology 
of it. | 

Cleon. By the Word Octave, the Muſicians denote 
ſuch an Interval in the Tone of muſical Sounds as 
contain all the ſeven natural Notes of Muſic, as they 
are called, and which are employed as the Materials 
of all harmonical Compoſitions: And the ſeveral 
Intervals of theſe Notes, you know, are included be- 
tween the two Extremes of the Fir/t and the. Eighth, 
which whole Interval of muſical Notes is therefore 
called an Octave. ä | 

Euphroſ. The practical Part of your Doctrine I know 
very well; for on my Harpſichord, when I ftrike the 
Key C, it is what my Maſter has taught me to call the 
Chord, or Key Note, in reference to which others above 


and below have different Denominations, according as 


they are higher or lower. Thus the ſix following Notes 
above D, E, F, G, A, B, and thoſe below the Chord 
are of the fame Name in a contrary Poſition ; ſo that 
what is called an Octave, I find, is the Extent of theſe 
ſeven Notes, taken either Way, upon the Keys of the 
Harpſichord ; and as the Strings belonging to thoſe 

8 different 
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different Keys have different Notes or Sounds, I preſume 

u will next explain to me the Reaſon why theſe are 
made choice of, in Preference to any other which are 
contained in the ſame Interval, or Octave. 

Cleon. I ſhall give you the Reaſon of that by-and-by 
but I muſt now proceed with the Rationale of the grand 
Interval or O#ave ; for, as I told you, this Interval in 
the Sound of Bodies is procured in Strings three different 
Ways; the firſt of which is, the Experiment under 
. Conſideration : You ſee, by this, the Notes are in Pro- 
portion to the Quantity of Matter inverſely, ſo that a 
String twice as big as another will have a Note twice as 
low, all Things elſe being equal. But the ſame 
Difference in the Tone or Sound of Strings (that are 


among themſelves of equal Weight and Length) is pro- 


cured from a different Degree of TENSION; for if two 
equal Strings be placed near each other, as you ſee here 
on this muſical Board, (or Tonometer, as it may be called) 
and then ſtretched with equa} Weights at the End, there 
will be no Difference in their Tone. For Inftance, 
you ſee, I hang a Pound Weight to each, now ftrike 
them with your Quill. 


Euphroſ. I do, 


and find the Tone or Tune of 


each String exactly the ſame, or Uniſon, — But now, 


pray, how much Weight muſt you add. to one of them 
to make the Difference, or Octave, as before 

Cleon. Here you muſt know, the Mathematicians 
have found by the Rules of their analytic Art, that the 
Tones or Tunes of Strings are higher in Proportion to the 
Square Roots of the Weights, or Forces by which 
they are ſtretched ; ſo that if I would raiſe the Notes 
of one of theſe Strings, an Octave above the other, or 
to make it ſound a Note twice as high, or more acute, 
then it muſt be ſtretched with a four Pound Weight 
becauſe twice two is four), and this you fee will be 
verified by Experiment ; for to the one Pound which 
now gives it a Tone equal to the other, I will add three 
Pounds more, which I have done : Now ftrike them 


as before. 

Euphroſ. Well, this is a very curious Experiment 
truly: The Difference in their Tone is accurately 
an Octave. From this Experiment J ſee the Reaſon 
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of tuning the Aarpſichord, by ſtretching their Strings 


more, or leſs, to raiſe their Notes higher, or lower, 
by turning the iron Pegs with my Hammer till I hays 
produced the Note deſired; for as the Tone of a 
String depends on the Degree of its 7. enſion, the manner 
in which we ſtretch the String will make no Alteration ; 
But, according to this Doctrine, by hanging 
on different Weights to the ſame String, you could 
produce all the different Notes contained in the Octave. 

Cleon. Yes, with Eaſe; for Weights adjuſted and 
determined by the above Rule, being appended at the 
Ends of ſeven equal Strings, will produce you an Octave 
of the ſeven natural Notes of Muſic. Thus for In- 
ſtance: If eight equal Strings are ſtretched by Weights 


which are in Proportion to the following Numbers, 


which may be conſidered as Ounces, viz. 60, 75, 94, 


106, 135, 166, 270, 240, then will their Notes or 
Tones be thoſe required, for conſtituting a muſical 
Octave. But there is yet another, or third Method, 
by which the ſame Difference is produced in the Sounds 
of Strings, and that is, the Difference of their LENGTHS; 
for two Strings, in all other Reſpects equal, having their 
\ Lengths as 2 to 1, will have their Notes inverſely, or as 
I to 2, that is, the Note of the ſhorteſt String will be 
twice as high as that of the longeſt. This J have like- 
wiſe provided you an Experiment to prove; for of the two 
Strings which before were ſtretched with equal Weights, 


viz.. a Pound each, one of them ſtill continues the 


ſame; but the other I have made of half the Length, 
by putting a Bridge under the middle Point of the String, 
to ſtop the Vibrations, or confine them to half the 
Length: and now, though the Strings are ſtretched 
with equal Weight, and are of equal Magnitude, yet, 
upon ſtriking them, you will find they emit very different 
Sounds. Try the Experiment. 

Euphroſ. I will:. — And as in the two former 
Caſes, ſo in this, there reſults the Difference of an 
Octave preciſely in their Sounds; Since this is the 
Caſe, I readily conceive that all the natural Notes of 
the OZave may be produced by proper Lengths of Strings 


between theſe two, which Lengths, I ſuppoſe, are not i 


difficult t to be 3 75 the mathematical N uſician. 
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Cleon. Nothing is more eaſy; for which Purpoſe, 
it is cuſtomary to divide the Length of the longeſt String 
into 100, or 1000 equal Parts, which, you ſee, is here 
done upon the Board, or Tonometer : This Line fo divided 
is called the MonocaoRD, or Baſe-Note to the reſt of 
the Octaue, or the Key, with Regard to any particular 
Air or Species of Muſic, —— Now, by the Rules of 
muſical Arithmetic and Geometry, the Numbers, or Diviſions 
of this Line, are eaſily aſſigned for giving the Lengths of 


the Strings to ſound the ſeven Notes above the Baſs; 


and by placing the Bridge againſt thoſe Numbers, this 
other String may receive all thoſe various Lengths, and 
will accordingly emit the ſeveral muſical Sounds required: 
thoſe Numbers are as follow, viz. 500, 533, 600, 666, 
750, 800, 888,” 1000; ſo that, for Example, if I 


ſtop the String with the Bridge placed againſt 500, it 


gives but half the Length of the Monochord, and ſounds 
an Octave above it, as you have heard. If I place 
the Bridge againſt 533, it gives the Note which the 
Muſicians call the Seventh Greater If the Bridge 
be removed and placed againſt 600, its increaſed Length 
will give the Note called the Sixth Greater If ſtopped 


againſt the Number 666, it gives the fifth Note, or 


Diapente, as the Muſicians call it By placing the 
Stop againſt 750, you have the Diateſſaron, or fourth 
Note above the Key: By ſtopping the String at 
800, you have that remarkable Concord called the Third 
Note above the Baſe ;———— and, "laſtly, by placing the 
Bridge againſt 888, you have the Note called the Second 
Greater; the Key Note being the whole 1000: And thus, 
you ſee, all the ſeven natural Notes on the ſame String 
are produced by ſtopping at thoſe muſical Diviſions of the 
Monochord. | 7 
Eupbroſ. Indeed, this has given me a more clear and 
diſtinct Idea of this famous muſical Diviſion, the Octave, 
than ever I had before: But there is one thing I obſerve 
in your Expreſſion of theſe Notes, which naturally 
excites the following Query, Whether the Seventh 
Greater, the Sixth Greater, Fourth, Third, and Second 
Greater, do not imply that the ſame Notes may be 


alſo Leſſer | 
Leſſer: Bb 4 
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' Cleon. Yes; that you will conclude of Courſe ; for, 
in the muſical Ofave, thoſe Notes mentioned may be 
made higher or lower, by half a Note; that is, with 
Regard to the Baſs Note, the third Note above, for In- 
ſtance, may be made a little higher or lower, according 
as the Air of the Mufic requires :— The Higher is 
called the Greater, and the Lower is called the Leſſer - 
But you will better know and diſtinguiſh theſe-Differences 
by other Names that you have been more uſed to, viz, 
FLATS and SHARPS; for a flat Third is a Third Leſſer, 
and is the very ſame with the Sharp Second, or Second 
Greater: Thus alſo the Flat Sixth is the Sixth Leſſer, 
but-it is nothing more than the fifth Note made half a 
Note higher or ſharper : But the ſame fifth Note made 
half a Note lower, or flatter, becomes the Fourth Greater, 
and fo of the reſt. Hence it is that in any muſical 


Compoſitions thoſe Notes may be adapted to the Nature 


of the Harmony, or Species of Muſic: Thus, for Ex- 
ample, in all grave and ſolemn Airs, the loweſt and 
_ deepeſt Notes of Inſtruments are generally uſed ; but 
In briſk and lively Strains the higher Keys on the Harp- 
ſichord are moſtly employed. If the Air be of the 
mournful, or elegiac Kind, thoſe Notes are lowered, 


and the Muſic is ſaid to be compoſed in a Flat Key : But 
in Odes and Songs, whoſe Subjects are Love, Mirth, 


| 3555 Se. then the Muſician in a Sharp Key tunes all the 


trings to their higheſt Notes, and renders, by that 


Means, the Harmony as chearful as poſſible. 

Euphroſ. You are now within the Compaſs of 4 
Comprehenſion, I underſtand all you have ſaid with reſpe 
to Flats and Sharps: By thoſe half Notes, I obſerve, 
you mean thoſe five ſecondary Keys that lie between the 
common Keys of the Spinet, with their black and white 
Surfaces, by which we render any of the natural Notes, 


or Keys, between which they are placed, flatter or 


ſharper, at Pleaſure; ſo that theſe five being added to 
the other eight, make.thirteen half Notes in the Oclave 
_ incluſive. w | „„ 

Clan. This Variety of Notes in the flat and ſharp 
Keys make the common Gauur, or Diatonic Scale of 


Muſic; and ſeveral of theſe repeated are contained within | 
the Compaſs of many Inſtruments, viz, the Spinet, 


Harpſichord, Lyrichord, Organ, Sc. 
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Euphroſ. Of theſe Notes, the Octave, fifth, and 
Third are a Sort of governing ones, or have the principal 
Regard in every Compoſition: Pray, on what Account 
are they intitled to this Preeminence? | | 
Cleon. On account of their being the moſt perfect 
Concords in the Scale, i. e. their Sounds, ſucceedin 
the Odtave, have a more agreeable Effect upon the Ear 
than the Sounds of other Strings: The natural Reaſon 
of which is owing to the Frequency of the Coincidencies 
of their Vibrations; to make which Doctrine as plain as 
poſſible, I muſt obſerve to you what I before mentioned, 
viz. That the Tune of a String depends upon the 
Time of its Vibration ; therefore, the ſhorter the Time 
of the Vibration, the higher the Note will be; and in 
Vibrations that are performed in different Times, there 
will, at certain Intervals, be a Coincidence of thoſe 
Vibrations in all of the muſical Kind: thus, for In- 
ſtance, if two Strings vibrate in equal Times, then the 
Vibration of one muſt conftantly coincide with that of 


the other, and they produce a MonoToNE, or UnisoN, 


in which there is no Variety; and conſequently two 
ſuch Strings can make no Harmony. But if we conſider 
that String which is called an Octave, as its Tone is 
twice as high as that of the Key-note, ſo its Vibrations 
are twice as quick; and conſequently there will be 
a Coincidence of Vibrations at every ſecond Vibration 
of the Oddave, or every ſingle Vibration of the Mono- 
chord. Now, as this Interval is the ſhorteſt that can be 
between any two Strings in the ſame Octaue, therefore, 
the Effect of ſuch Coincidence will produce the molt 
agreeable Concordance of Sound, or (in other Words 

will conſtitute the moſt perfect Concord in muſical Sounds. 
Again, the Fifth Note being ſounded from the 
String whoſe Length is two thirds of that of the Mono- 
chord, will vibrate three times while the Monochord 
vibrates twice; ſo that there will be a Coincidence of 
Vibrations at every Second of the latter, which Interval, 
being twice as great as the former, is not ſo perfect a 
Concord as the Ofave, but is yet next to it in its agreeable 
Effect and Perfection of Harmony : — Then if we 


conſider the Fourth Note, the String which ſounds it is 


three fourths of the Length of the Monochord, and 
8 Eons 7 : 1 8 therefore 
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therefore will, vibrate four times to every three Vibrations 
of the latter; therefore the Interval of Coincidence 


will be now three times as long as in the Gflave, and 
conſequently will, in Compariſon of that, be a much 
leſs perfect Concord: But when we conſider the 
Length of the String that ſounds the Third, ve find it 


in Proportion to the Monochord, as 8 to ro, or as 4 to 
5, and the Interval of Coincidence of Courſe will be at 
every fourth Vibration of the Monochord, and therefore, 
in itſelf conſidered, not fo perfect a Conchord as the 
fourth; yet its Effect is found, in muſical Compoſitions 
with other Concords, much more agreeable than that of 
the fourth Note, and therefore is eſteemed by Muſicians 
as the third muſical Concord. This is the general 
Principle or Ground of Concord; thoſe Notes being 
reckoned Diſcords whoſe Pulſes, or Vibrations, rarely 
coincide with thoſe of the Monochord, as thereby they 

produce a more diſſonant and leſs agreeable Sound, 
Euphrof. As the Tones of Sounds depend on the 
times of the Vibrations, I ſhould be glad if my Curioſity 
could be ſatisfied with regard to the greateſt Extent of 
Note, or Sound, which Bodies are capable of emitting, 
or which the Ear can well bear. 
Cleon. An Anſwer to this Queſtion requires more 
Experience in muſical Sounds than I can pretend to: 
But a certain Gentleman abroad, Mr. Sauveur, has 
made great Numbers of Experiments on the Vibration of 
muſical Strings, and conſequently of muſical Sounds; 
has found that ſuch Sounds as can be heard diſtinctly and 
with Pleaſure, and in whoſe Tone a Difference can be 
clearly perceived by the Ear, lie within the Compaſs 
of ten O#aves.; and if we include the loweſt harmonic 
Sounds, on the one Hand, that can be heard, and the 
higheſt that the human Ear can bear, on the other, 
they will all be contained within the Limits of twelve 
Oeaves : and if this be the Caſe, it follows, that the 
Body which gives the ſhrilleſt Sound that the Ear can 
bear, makes 4096 Vibrations in the time that one Vi- 
bration is performed by that Body that gives the graveit 
harmonic Sound, and that 12 5 of theſe Vibrations are 
rformed in one Second; therefore the Vibrations of 
the ſhrilleſt founding Body will be 51100 in the ſame 
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time; ſo great are the Motions of the Parts, of Bodies 


produced in exciting ſuch very quick Vibrations. 


Euphroſ. As this is the Caſe, I do not wonder at an 
Effect which I have often heard of, that is, the breaking 


of a Drinking-glaſs by ringing of it, or raiſing its 
Tone higher and higher; for, by this Means, having 


its Parts put into ſuch a violent vibrating Motion, it 


is no Wonder if they are ſhaken in ſunder, and fly into 
Pieces. | | 


Clin. I could very eaſily ſhew'you this Experiment, 


but do not think it ſafe, the Note being at laſtſo 2 


ſhrill and acute, that I fear it might have a bad Effe 
on the Drum of your Ear, as it is but too well known 
that many People have been hurt by ſuch Kind of Sounds, 
© pts 4 I. ſhall ſubſtitute a very innocent one 
in its ſtead, which will ſufficiently ſhow the prodigious 
Degree of Vibrations, and. the vaſt Extent of Tone 
the Subſtance of Glaſs is capable of. Lou ſee here 
a very large Glaſs, of a Bell- form, provided for the 
Purpoſe, into which I pour Water to fill ; Part 
Then, dipping my Finger in the Water, I gently paſs it 
round the Rim of the Glaſs, and thereby excite, firſt, 
a very pleaſant grave and muſical Sound; but, as the 
circular Motion of my Finger continues, the Vibrations 
of the Glaſs are increaſed, which becomes extremely 
ſenſible both to the Ear and to the Eye: for you hear the 
Tone ſtill more and more intenſe and acute, and you fee 
its prodigious Effect on the contained Water, in which 
it firſt produces Undulations, then very quick Gyrations ; 
at length, there appears ſuch an Agitation as may be 
compared to a kind of Hurricane, throwing with the 


utmoſt Violence, the Particles of Water into the Atmo- 


ſphere all around, and to a great Height above the Glaſs? 
—— and ſtill might we raiſe this artificial Tempeſt to x 
greater Height, but that I ſee the Tone of the Glaſs 
has a greater Effect upon you already than you can 
well bear, ts. a On; 
Eupbroſ. Indeed, I cannot help ſhrinking, as it were, 
from it ; but am pleaſed to ſee the wonderful Effect it has 
in the Body of Water, in theſe turbulent Emotions which 
it occaſions, ſuch as we could ſcarce have ſuppoſed, or 
believed, if they had not been evinced by Experiment = 
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But I ſhall trouble you no longer, at preſent, as you pro- 


poſe, at our next Meeting, to explain the Rationale of the 


general Part of muſical Inſtruments. 


— am. 
—— —— 


DIALOGUE XXI. 


be Rationale of different Kinds of Mougs1car 


InSTRUMENTS, confidered. 


Enphroſyne. 


Have pleaſed myſelf with the Proſpect of the preſent 
Opportunity of being inſtructed in the Nature, Con- 
r 


uction, and Rationale of muſical Inſtruments; which 


you informed me was to be the Subject of our Conver- 
ſation at this Time. You have always known my 
Diſpoſition is ſuch, as to be equally inquiſitive after 


the Reaſen, as well as the Practice of every Art I 


delight in; as I have always looked on it as an Argu- 
ment of Indelicacy, and want of Taſte in thoſe who 
are wholly occupied in learning the mechanical or 
practical Part of an Art, with a V 
tainment only, without regarding the ſublimer Pleaſures 
that ariſe to the Mind from a Contemplation of the 
Principles which conftitute the Theory, or Reaſon of 
Clean. I was ever glad to fee ſuch a Turn of Genius 
in you, and every one elſe : Though, as I have hinted 
to you before, the Principles, or Theory of Muſic are 


« 


not quite ſo obvious as thoſe of any other _— +. ,. 


as they principally conſiſt in the Doctrine of Vibrations 
of the conſtituent Parts 'of Bodies, if this were well 
attended to, and . properly explained and illuſtrated by 
Experiment, you yourſelf are a Proof, my Euphroſyne, 
that they fall within the Comprehenſion and Capacity of 
the Fair-ſex ; and how delightful, as well as graceful, is 
it both in common and ſacred Muſic, to ſee and hear a 
Gentleman or Lady not only play with their Hands, and 
ſing with their Voice, but with their Underſtanding and 
Judgment alſo? * | | | 5 


1ew to ſenſual Enter- © 
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Euphroſ. IT have great Ambition to excel in both, as 
far as I am able: I pretty clearly underſtand what 

ou have hitherto ſaid in regard to the vibrating Parts of 
Bodies That Sounds in general are e by 
the Pulſes of Air produced by thoſe Vibrations: 
That muſical Sounds in particular are ſuch as have a 
delightful and melodious Effect upon the Ear: 
That Concords and Diſcords proceed from a greater or 
leſs Frequency of the Coincidence of thoſe Vibrations 
in ſounding Bodies: — From theſe Principles I can eaſily 
infer, that all Kinds of ſtringed Inſtruments, as alſo 
Glaſſes, Bells, and other ſonorous Bodies, are capable of 
emitting harmonious Sounds; and of Courſe, by the 
Rules of Art, may be formed into muſical Inſtruments : 
But how, and in what Manner this is done, I cannot 
pretend as yet to have fo clear an Idea of, and there- 


fore ſhall beg your Aſſiſtance in theſe Points of Infor- 


mation. | 
Cleon. With reſpect to ſtringed Inſtruments in general, 
the Principle of their Conſtruction is this, that as they 
conſiſt of ſeveral DiayasonNs, or OcTaAvEs, ſo they 
afford three different Degrees of muſical Notes, the 
Treble, Tenor, and Baſe ; the firſt of which contains the 
Notes of the higheſt and moſt acute Sounds; the Second, 
or Tenor, thoſe of a mean Degree of Sound ; and the 
laft, or Baſe, thoſe of the loweſt or graveſt Order. And, 
according to the Form and Extent of the Inſtrument, 


the Strings which compoſe the ſeveral Ofaves are modu- 


lated and fitted to emit their proper Notes, or Sounds, 
by one or other of the three Ways that I mentioned to 
you in the laſt Conference; for, as I then ſhewed you 
by Experiment, the Inſtrument-maker has it in his 
Power to produce any given Note in a String in any of 
thoſe Ways, as Occaſion or Neceſlity requires; or he 
can raiſe or lower the Note by a ſmaller or a larger 
String of the ſame Length : By a ſhorter or longer 
String of equal Size: And, laſtly, by giving a 
different Degree of Tenſion to one and the ſame String : 
And thus in all the Inſtruments where the Strings are to 
be of a fixed and determinate Length, as in the Duleimer, 
Spinet, Harpſichord, the Tyre, the Lyrichord, Sc. the 
Strings of the various Octaves are always adjuſted and 
tuned in this Manner. 


—— — — 
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_ Enphroſ. This apprehend pretty eaſily, with regard 
to the Inſtruments that I have every Day before my Eyes; 
in theſe, as the Odlavet and Strings in each are of a 
given Length, or invariable, if they are one put in 
Tune, a Perſon has nothing to do but to get the fingering 
Part, and he muſt neceſſarily play the Tune by ſtriking 
the Keys proper to the Notes of the Muſic: But this 
ſeems to me, though a very fine Species of practical 
Muſic, the moſt mechanical of any. 111800 
Culeon. It is ſo, to be ſure; ſince it is poſſible for a 
Perſon, without any Ear or Genius for Muſic at all, 
to learn to play on thoſe Sort of Inſtruments, after a 
Manner: But mechanical as they are, no fine Muſic can 

be produced: from them but by a curious Hand: and ju- 

dicious Ear. However, it muſt be confeſſed, that other 
Sorts of ftringed Inſtruments are, in their-own Nature, 
of a more curious and artful Conſtruction, and of a 
more univerſal Nature. 
Eupbroſ. JI ſuppoſe you mean, by theſe, all that 
Claſs of Inſtruments comprehended under the general 
Names of Violins, Harps, Sc. I cannot ſay there is 
much of a Wonder in producing ſuch a Variety of 
Notes from a Harpſichord, where there are ſuch a Number 
of Strings; but I have oftentimes very much wondered 
how they produce ſuch a Variety of Notes, and play 
an Infinity of Tunes, on an Inſtrument of ſo few Strings 
as that of a Violin, for Inſtance. | 

Cleon. The Wonder here will ſoon ceaſe if you con- 
fider, that an infinite Variety of Notes may be produced 
from a ſingle String; for it affords as many different 
Notes as Points in which you can ſtop it : Thus, for 
Inftance, if you ſtop it in the middle Point, you have 
a Note which is an Octave above that which is produced 
by the String at its whole Length: If you divide the 
remaining Part into two equal Parts, or ſtop that in the 
middle Point, then, ſtriking that 4th Part with the Bow, 
it will emit a Sound which is a double Octave, or ſixteen 
Notes above the Baſe Note, or that of the whole String : 
This 4th Part being again divided or ſtopped in the 
Middle, produces a 3d Octave of Notes; and ſuppoſing 
another String of a different Size added to this, you 
have, by ſtopping that in the like Manner, other Octaves 

| ow 
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produced, all differing from the former; and ſo of a 


third and fourth String: And therefore, in the Violin 
of four Strings, a ſkilful Muſician may extend his 
Scale of Muſic to 8 or 12 Octaves, or even farther if 
there was Occaſion, by properly ſtopping the Strings: 


But in this Caſe, there muſt be Velocity and, Judgment 


at the Finger's End, ſuch as is required for performing 
all the different Kinds of Muſic. The former of which 
is attainable only by Practice, and the latter by the 
Aſſiſtance of a good Ear, naturally conſtructed. for a 
nice Diſcernment of muſical Sounds. On theſe Inſtru- 


ments, Nature is the ſole Miſtreſs in the School of 


Mufic; and it is ſurprizing, to find what Proficiency 
ſome Pupils have been ſeen to make in this ſeemingly 
difficult Part of the Art: But it is in Muſic as in Poetry; 
if Nature dictates, her Leſſons are very plain and eaſy, 
and give us no trouble either in learning or practiſing. 
The Poet writes Verſes, perhaps, more naturally and 
elegantly than he can talk in Proſe; and the Muſician 
plays the moſt difficult Pieces with ſo much Eaſe, as if 
they had acquired this Knowledge before they came 


into the World, according to the ancient Doctrine of 


Tranſmigration of Souls. 53 

Euphroſ. All you obſerve, I think, is very juſt, and 
it gives me a clear Idea how an Inſtrument of a ſmall 
Number of Strings might be of an unlimited Extent in 
Muſic, while one of a much greater Number is perfectly 
confined : But, pray, Cleonicus, can you ſolve me one 
Query on this Head, Liz. how it is poſſible to produce 
ali the natural Notes in a muſical Octave by one Stroke 
of the Bow, and the ſame Length of the String; for 
this 1 actually ſaw and heard from a very ſkilful Mu- 
ſician the other Day? l: ie 

Cleon. I have likewiſe ſeen and heard the ſame Thing; 
it is a Paradox in Muſic, I allow, and has been ſtrongly 
denied by many who have not been convinced by the 
Fact: It is true, the three Principles, viz. the Length, 
Tenſion, and Diameter of the Strings, are thoſe which 
in general cauſe any Variation in the Notes of ſounding 
Bodies; but, from this and many other Experiments, it is 
very certain there are other leſs evident Cauſes which 


concur in producing that Effect, ſuch as the greater or 
| | | lefler 


* 


— 
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leſſer Degree of Preflure on the String, in the Motion of : 


the Bow over it; alſo, the Diſtance from the End of the 
String, at which it is touched ; as likewiſe, the greater or 
leſs Preſſure of the String by the Finger ; and ſome other 

Circumſtances may enable a Perſon, with a good muſical 
Ear, to vary the Sound of the String in the Manner 
before-mentioned. 1981 


Eupiroſ. You obſerved to me, in ſpeaking of the 


Harpſichord, that the Octave there was limited to 
thirteen muſical Notes, incluſive ; but in this free and 
unconfined Inſtrument, the Violin, I preſume, the 
Muſician has a larger Scope, and may be more cri- 
tically Nice in the Diviſion, or Choice of his Notes, 
and thereby render his Muſic more refined and har- 
monious. | | 
Cleon. What you obſerve is very juſt; but for this 
Purpoſe, a Man muſt have a very nice and critical Ear : 
For, when you go beyond the common Flats and Sharps, 
it will not be eaſy for an ordinary Practitioner to know 
where or how to ſtop in Tune, or to make them more or 
leſs flat or ſharp than he has been taught by the common 
Gamut, or Scale of Muſic. Your great Performers, 
and Maſters in this Science, extend their Scale to thirty- 
two Notes, incluſive, by raiſing, or depreſſing each of 
the natural Notes toſuch a Degree as only their Judgment 
and natural Skill can direct; and, in this Reſpect, can 
even tranſcend the muſical Proportions of Geometry 
itſelf, Theſe ſtringed Inſtruments, therefore, properly 
fretted or ſtopped, are capable of all the Variety that 
can be produccd in the Science of Mufic and Harmony. 
Euphreſ. You ſeem to be more than commonly pleaſed 
with the Structure of the LYRIcHORD, as I have often 
obſerved from the Manner in which you make mention 
of that Inſtrument ; and, by what I have ſeen of it, it 
ſeems more perfect in its Nature than any common Harp- 
ſichord: Pray, what are the Peculiarities of this muſical 
Conſtruction? | | 
Cleon. It partakes of the Nature of the Harp and 
the Violin, and is poſſeſſed of the principal Properties of 
both, and, at the ſame T ime, exempt ina great Meaſure 
from the Imperfections of either: It has, indeed, a cer- 
tain, or determinate Number of Strings, with Keys . 
5 proper 
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proper to each, like the Harpſichord ; but, as you obſerve, 
thoſe Strings are not ſtruck by Quills in the Jacks, but 
are brought down to the Surfaces of ſmall Wheels, 
which move with great Velocity under them, and by 
this Means they are ſuſceptible of a Stroke from the 
Wheels, in the ſame Manner as the Strings of a Violin 
re from a Bow, and therefore may, in a like Manner, 
have the Note produced, or contracted, as the Nature of 
Muſic requires: Whereas, in the Spinet, or Harpſichord, 
the Notes are but of a momentary Duration, being 
ſtopped by the Cloth on the Jacks as ſoon as they are 
excited, ——— By this Opportunity of extending, or 
ſwelling out the Note, they make the Harmony more 
full or ſonorous, not altogether unlike thoſe noble and 
high ſounding Notes of the Organ itſelf. ———— But 
even in this Inftrument, unleſs it be furniſhed with ſplit 
Keys, as they are called, you are ftill confined to the 
imperfect and ſeanty Diviſions of the common Gamut. 

Euphroſ. But there ſeems to me an Apparatus in this 
Inſtrument which I have never obſerved in any other, 
and that is of a great Number of Leaden-weights, very 
curiouſly and artificially diſpoſed in the Fore-part of the 
Inſtrument, which I am informed, is for keeping the 
Strings conſtantly in Tune: What have you to 
fay in regard to this Contrivance, Cleonicus? 

Cleon, I think it a very curious and philoſophical 
one; for, by Means of the large Weights, the Strings of 
each, reſpectively, have their due Degrees of "Tenſion, 
proper to the Places they hold in each Octave: And by 
the Screws in the Mechaniſm for moving the leffer 
Weights, the Tone of each String is adjuited to the 
niceſt Ear; and when the Strings of the Lyrichord are 
once put in Tune, they muſt necefiarily continue fo, 
as the fame Weight, always acting uniformly, muſt 
produte the ſame Degree of Tenſion : This in a given 
String muſt always produce the ſame Note, and is the 
moſt excellent Property of this new conſtructed Iuſtru- 
ment, and quite peculiar to itſelf. Though this 
Invention might, without much Trouble or Expence, 
with a little Alteration, be applied to the Harpſichord 
and Spinet, and thereby prevent the very frequent 
Trouble and Expence of tuning thoſe Inſtruments, 
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Euphroeſ. I could wiſh, with all my Heart, this was 
once done; for as I am not likely to be Miſtreſs of a 


Lyrichord very ſoon, I ſhould be glad if that Inftrument. 
which I have could be contrived to be kept in Tune, 


without ſuch a frequent and neceſſary Rectification: But 
Pray, Cleonicus, in what Method would you propoſe this 
to be done ? | | 

Cleon. Wete I a muſical Inſtrument-maker, my 


” 


Euphroſyne, I ſhould attempt it in the Harpſichord in the 


following. Manner : You know that the Tone 
of a String varies with the Quantity of the Weight by 
which it is ſtretched ; therefore any Contrivance that 
would increaſe, or diminiſh the Weight hanging to the 
End of the String, in any ſmall Degree, would be ſuf- 
ficient for keeping that String to its requiſite Tone. Now 
it is well known that a Weight lying upon an inclined 
Plane will have its Force increaſed, or remitted, in Pro- 
portion as the Plane is leſs or more inclined ; and there- 
fore, if on the back Part of the Spinet, or Harpſichord, 

roper Weights were appended to the Strings, and theſe 
Weights ſupported. on inclined Planes, on which they 
might freely move, thoſe Planes by a fingle Screw in 
each might be elevated, or depreſſed to fuch a Degree, 
as that the Strings ſhould be all of them exactly tuned, 
and of Courſe they muſt ſo remain. Thus, one 
Set of Weights would be ſufficient to anſwer this Pur- 
poſe ; and the Application leſs cumberſome and expenſive 
than in the Lyrichord.* | 


Euphroſ. Well, I find I muſt be content with my 


Harplichord as it is, ſince it is likely that this Alteration 
will not very ſoon take Place: — But, pray, what new 
Species of Glaſs-muſic is that which of late has been 
the Subject of ſo much Diſcourſe and Enquiry amongſt 
the mulical Virtuoſi? ? | 


* th a 4 * 


In order to accommodate our muſical Readers with a2 


Print of this moſt curious Inſtrument, we ſhall here inſert that 
which we formerly gave in the miſcellaneous - Part of the 
Magazine; as few of our Readers will have an Opportunity 
of ſeeing the Inſtrument itſelf, they may derive, from a 
bare Inſpection of this, a ſufficient Idea of its Nature and 
Conſtruction, which we hope will prove no ſmall Gratifi- 
cation. 
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Cleon. Why, truly, my Euphroſyne, it is in this as 


in moſt other Caſes, that new Things make a very great 
Noiſe, and are generally conceived in a magnificent Idea 
at a diſtant View; but, upon a nearer Approach, and 
nicer Inſpection, they are ſeldom found to anſwer our 
preconceived Notions of them: I believe, many People 
think this to be the Caſe of our new vitreous Muſic. 
But why do you aſk my Opinion of it, when it cannot 
be ſuppoſed but you yourſelf are a proper Judge, as you 
have both heard and ſeen it? 


Euphroſ. I was willing to know your Sentiments 


before I diſcovered my own: I confeſs, with reſpe& to 
myſelf, it is as you ſay, the Fame of it ſeems to exceed 
its Merit ; for the Performance, at which I was preſent, 
the firſt Time, fell greatly ſhort of my Expectation ; a 
Second, anſwered better: But, pray, Cleonicus, why 
was Water uſed in ſome of thoſe Glaſſes, and others 
were played on without any ? 

Cleon. The Glaſſes will have their Tones altered, or 


varied, different Ways, ſuch as make the Vibrations of 


a different Duration ; for, as I obſerved to you before, 
the larger Glaſs has the ſloweſt Vibration, and conſe- 


quently the graveſt Note; and therefore, in any Glaſs, 


if you can leffen the Bulk of its ſounding, or vibrating 


Part, you will thereby raiſe its Note to the required 
Pitch: And this may be done two different Ways; the 
firſt is by putting Water into the Glaſs, which will 
leſſen the Dimenſions of the ſonorous Part; for the 
Vibrations will extend no farther than to the Water, 
where they will entirely ceaſe, and therefore, by putting 
more or leſs Water into any Glaſs, the Vibrations will 
be rendered of a longer or ſhorter Duration, and thereby 
the Glaſs may be tuned to any Note required, —— The 
ſecond Way is, by grinding the Glaſs on the Edge till 
ou have ſufficiently leſſened its Quantity, to produce the 
Note deſigned; and this is the ſame Method, in Effect, 
they take for tuning Bells, by turning off ſo much from 


the Rim, or Surface, as is neceſſary for that Purpoſe.— 


And in each of theſe Ways the Glaſſes are rendered truly 


muſical, or harmonious. 
Euphroſ. One of thoſe Performers, I obſerved, had 


all his Glaſſes ſtanding dingly before him, fixed down 


Cc 2 to 
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to a Board : Another had them placed round a 
common Axis, one within another, in the Manner as 
Bells are placed about a common Axis for the Chimes of 
a Clock: The laſt of theſe ' Methods is, in my 
Opinion, much preferable to the former : But though 
J think the Notes from Glaſs much ſweeter and finer 
than thoſe from a String, yet is the Muſic itſelf of a 
much inferior Nature, as conſiſting only of plain Notes, 
without admitting of any Shakes, or other Graces, which 


all common Inſtruments are capable of: Befides, this 


Sort of Muſic ſeems confined to very ſlow Time, as a 
temporary Stroking, rather than a momentary touching 
the Glaſs, is here neceſſary, and therefore nothing of 
that Agility in fingering can here be expected, which 
fo greatly diſtinguiſhes the Performers on other Inſtru- 
ments. | 

Cleon. All that you have now obſerved are certainly 
Facts, that will render this Muſic of no great Conſe- 
quence among the greateſt Genius's of this Sort: It is 
more accommodated to Melody, or vocal Muſic, than 
to that of common Concerts: for as the Notes of 
Glaſs are ſoft and flowing, they are over-powered and 
abſorbed by the ſtronger and higher Notes of other 
Inſtruments. It is, however, a diſtin& Sort of real 
Muſic, which is more than can be ſaid of the EolLIAN 
HAARP, whoſe Notes obſerve no muſical Proportion of 
Sound, though they are all of them, from the higheſt 


to the loweſt, moſt exquilitely pleaſing, or rather raviſh- 


ing to the Ear. : | 
Euphroſ. I know this by frequent Experience; for 
the Harp which I have, and often apply under the Saſh 
of my Window, fills me, as it were, with the Senſation 
of celeftial Sounds and Harmony : ——— And it is 
amazing to find how the Notes will ſucceflively ariſe 
from nothing, ſwell to the moſt exalted Tones, and then 
gradually die away :— They ſeem ſometimes very 
near at Hind; at others, you hear them, as it were, 
from the remoteſt Diſtance. And I have oftentimes 
obſerved that, from a different Number of Things in the 
Harp, the ſame wonderful Variety of Sounds will ariſe, — 
And, furthermore, whether all thoſe Strings are in 
Uniſon, or tuned to the various Notes of an Octave, 
no 
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no ſenſible Difference will ariſe in the Sounds which are 
roduced from the Strokes which are made by the inviſible 
Hand of Nature. 
Cleon. What you ſay, my ZEuphroſyne, T have often 


experienced the Truth of myſelf, ———And from theſe 


and ſuch like Phænomena it evidently appears to me, 
that we are not yet fully acquainted with the PHIL OoSO- 
PHY OF SOUNDS, efpecially thoſe of a muſical Sort; 
and that they have many other Cauſes concurring to 
produce and vary them, beſides the three mathematical 
Qualities, Viz, Diameter, Length, and Tenſjon, of 
Strings. — As a farther Proof of this, I ſhall enter- 


_ tain you with one Experiment more to ſnew how, and in 


what a ſurprizing Manner, muſical Strings are affected 
by <ach other's Vibrations: To which End, I have 
here provided you with a ſounding Box, and two Strings 
of equal Size and Length on the Top of it: If one of 
theſe, which I ſhall call A, be ftrained to any particular 
Degree, and then we begin to ſtretch the other, which 


„ call B, (and is placed very near to A) then will the 


String A be quieſcent, or at reſt, under all Degrees of 
Tenſion in the String B when it is ſtruck with a Quill, 
excenting that only which is the ſame with its own, and 
in that Caſe the String A will begin and continue to 
vibrate equally with the String B. The two Strings 
therefore, as they have equal Degrees of Motion, will 


produce an Equality of Sound when equally ftruck with 


2 Quill: And hence. we ſee the natural Cauſe of that 
Concordance of Sound which is called Uniſon. But the 
Motion which is given to the String A by the Vibrations 
of B only, will be very ſmall, and therefore produce but 
a very faint and almoit imperceptible Sound : Yet ſtill 
the Sound is audible to a good Ear, and the Vibration is 
viſible to a common Eye. —— However, that theſe 
Things may be extremely ſenſible to you, I have placed 
you will obſerve the Phænomenon to the greateſt Ad- 


vantage, | | 
Euphroſ. I am greatly obliged to you, Cleonicus, for 


taking ſo much Care to inſtruct and improve me in the 


Knowledge of natural Things. P;] try the Experi- 
ments ſucceſſively; and, hrit, Weile the dtrings have 


i 


4 
* 
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a Microſcope over the Middle of the String, wherein 


two 
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two different Degrees of Tenſion, I ftrike one of them, 
and obſerve the other has no Motion even to the Eye 
aflifted by the Microſcope : But now, as I turn the 
Nutt and gradually ſtretch the String B, I obſerve, as 


it comes nearly to the Tenfion of the String A, that 


the latter begins to move, till at length the Tremor 
increaſes, and ſhews the Vibration of the String not leſs 
in Appearance in the Microſcope than Z of an Inch: 
And it is very curious to obſerve how this Space 
gradually leſſens, as I increaſe or remit the Tenſion of 
the String B, above or below that of A, till on either 
Side itvaniſhes: Indeed, I can plainly ſee the Motion 
in the String A with my naked Eye, and can even hear 
the Sound when that of B is ſtopped. By this Method, 
J apprehend, a Perſon that has no muſical Ear at all, 
may, with his Eye, aſſiſted by a Microſcope, put two 
Strings in Uniſon to the utmoſt Perfection. 

Cleon. You obſerve very rightly, my Euphroſyne, and 
not only in Uniſon, but likewiſe in any other comparative 
Degree of Sound : Thus, if I take the String B away, 
and ſubſtitute in its Room another which I call C, of 
Juſt half the Length of B, then you know, when they 
are under the ſame Degree of Tenſion, there will be an 
Octave Difference in their Tone; or the Sound of C 
will be an Octave above that of A. But now what 
is very myſterious is, the Effect which the String C 
has upon the String A; for, when it is ſtruck, it will 
cauſe the String A to vibrate in two equal Parts: That 
is, with reſpect to its Motion, the String A is divided 
in the middle Point, and each Half vibrates equally with 
the String C, and that middle Point is entirely at reſt : 
A Thing, which the moſt acute Philoſopher would never 
have ſurmiſed, had it not been demonſtrated by Experi- 
ment, which it is two ſeveral] Ways. | 

Eupbroſ. This will afford me very great Pleaſure 
indeed : Could any one have thought that a 
String could poſſibly be put into Motion by two Parts, 
and yet at Reſt in a Point between them, at the ſame 
Time! ED 

Cleon. So it is, my Euphbroſyne, and the following 
Experiment will evince the Truth of it. J cut 3 
{mall angular Pieces of Paper in this Form and Size, oy ) 

a 
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ſo that they may conveniently hang upon the String; 
then I place one of them preciſely on the Middle of the 
String A, and the other two juſt over the Middle of each 
Half of the ſaid String : Now, my Eupbroßyne, I 
ſtrike the String C in a gentle Manner, and you obſerve 


the two laſt mentioned Papers are inſtantly- thrown off, 


_ that in the Middle of the String A remains entirely 
at reit. | : 

Euphroſ. I view the Fact with Aſtoniſnment; nor 
can it need any thing more than this ſimple Experiment 
to ſupport it. But could it not be otherwiſe ſhewn by 
the Microſcope as in the former Caſe ? | 

Cleon. Very eaſily, my Euphroſyne;———for now 
I place the Microſcope over the middle Point of the 
String A, and when you have placed your Eye over it, 
for the View, I will ſtrike the String C when you give 
the Word. | | 

Eupbroſ. ] have a perfect View of the String A, and 
without any Motion at all :— Therefore, now ſtrike the 
String C :—Well, though I hear you ftrike it, I proteſt 
I ſee no Motion in the Part of the String I look at, any 
more than before; but it ſtill continues at Reſt, Now 
let me view the Middle of each Half. | 

Clean, I'll firſt place it over that Half which is by 
the String C :———Obſerve the String, and give me 
the Word. 

Euphroſ. I ſee the String at preſent perfectly quieſcent ; 
—you may now ſtrike it;:——A Tremor ſeizes the 
String at once, and it is dilated into a very conſiderable 
Breadth, at leaſt 4 or 5 Times as wide as its natural 
Size: And will the other Half produce the ſame 
Appearance, Cleonicus? | 

Cleon. The very ſame. I will place the Microſcope 
over the middle Point of the other Half, and then you 
will be ſatisfied. 

Euphroſ. At preſent the String appears at Reſt, as 
before: Now give the Stroke to the String C. 
Immediately the String is all in Motion, with 
all the ſame Appearance as before. I am doubly 


convinced of this wonderful Event, and ſhould be glad 
if you will give me to underſtand how, and in what 
Cc 4 | Manner 
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| Marr: ſuch wonderful Motion is communicated from 
C to A. ; 

Cleon. It is ſaid, by Na that as the String 
A can be affect d only by the Pulſes of Air excited by 
the Motion of the String C, and thoſe Pulſes being of 
the ſame Length with the String C, therefore they can 


ſtrike it only in half its Length at the ſame Time; and 


therefore, by this Means, can put it in Motion only 1 in 
thoſe two Halves; and ſo the middle Point of the String, 
having nothing to ſtrike it, remains at Reſt. This 
is accounting kor it in a Manner ſomewhat ſimilar to 
the Thing I allow; but 1 will not anſwer for its being 
ſatisfactory to every ſcrupulous Mind: But that this 
is a Fact in every diftcrent Length of Strings, where the 
ſhorter is an aliquot Part of the larger, is certainly true, 
and it will be worth while to give one Experiment more 
to confirm it: 


Therefore, I have here provided two 


other Strings, A and D; the Length of A is 4 Feet, 


and that of D but one Foot, they are placed at the 


Diftance of s of an Inch diſtant from each other, and 


both begin at the ſame Line: When they are properly 


tuned, or the String D a double Octave, or' 16 Notes 
above A, then, when it is ſtruck, the [Pulſes of Air 
which it produces can be only one Foot in Length ; theſe 


Pulſes therefore will affect the String A in 4 equal Parts 


at once, and conſequently divide the String in three 
equal Points between the two Extremes, which Points, 
together with the two extreme Points, or Ends are all 
to be conſidered at Reſt, while the 4 intermediate Parts, 
or Quarters of the String, do ſeverally vibrate at the ſame 
Time, And in order to prove that this is really the 
Caſe, nine of thoſe {mall Pieces of Paper will be neceſſary, 
to be placed at every 6 Inches along the String A; for 
then, when the String D is ſtruck with a Quill, every 
other Paper ought to be thrown off, and the reſt remain 
on the String : And this, you ſee, will be done by 
fixing your Eye attentively on the String A, while I 
ftrike the String D. | 

Zuphroſ. How wonderful is the Sight! — The 
Papers alternately fly off and remain at Reſt: T hoſe 
which go off, do it with ſuch Violence and Sudden- 
nels, that it can ſcarcely be perceived by the Eye; 


while 
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while thoſe at Reſt appear not in the leaſt to have been 
ſhocked. - I do not know that I ever ſaw an 
Effect in Nature ſo very ſtupendous, and, at the ſame 
Time, capable of being demonſtrated in fo ſimple a 
Manner, | | 

Clean. I ſhall entertain you with more of the 
Wonders of Nature in this Way at another Time : 
At preſent, I think I have kept your Mind ſufficiently 
upon the Stretch, and therefore ſhall poſtpone the Con- 
ſideration of thoſe called Wind-inſftruments to the next 
Opportunity, 


CO 
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The Rationale of different Kinds of Mus1caL 
| INSTRUMENTS, Continued. 
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E uphrof) ne. 


X/ OU have given me a large and particular Account 

of many Sorts of muſical Inſtruments, particularly 
thoſe whoſe delightful Effects are produced by the Vibra- 
tions of Strings; and you promited me, at the Concluſion 
of our laſt Conference, that the Subject of our next 
muſical Speculation was to be the PHILOSO PHY of 
 Wind-in/ſtruments: Of this Sort, I muſt confeſs, I have 
but a very ſlender Notion, and here, if you do not take 
Care, you will ſoon get out of my Latitude. 

Cleon. I ſhall trouble you with nothing very myſterious 
on this Head; tor all Kind of Wind-inſtruments, from 
the Fews Harp to the ORGAN, depend upon one ſimple 
Principle, viz. the vibrating Motion of condenſed Air; 
for as all ſtringed Inftruments produce their Effects by 
exciting Vibrations in the Air by the Vibrations of their 
Strings, ſo all Kind of hollow Pipes may have their con- 
tained Air impreſſed, and « ondenſed by the different Force 
of the Breath, or Blaſt from-the Mouth, or by other 
Means, and thereby the Action of that condenſed Air 
variouſly modified, and which, 'communicated to the ex- 
ternal Air, will be the Cauſe of as great a DUN of 
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Vibrations therein, and conſequently of muſical Sounds 
or Notes, which, as I have ſhewn you, conſiſt in no- 
thing more than the Pulſes of Air properly modified 
and modulated for that Purpoſe. | 
Euphreſ. Then I ſuppoſe, by what you ſay, Cleonicus, 
if a Perſon applies a common Trumpet to his Mouth, 
and puts the Air in Motion by the Force of his Breath, 
the Vibrations of that condenſed Air will make a loud 
Sound : Then a Perſon blowing through a Trum- 
of the ſame Dimenſion with ſuch a Force of Breath 
as will condenſe the Air to twice the Degree, will cauſe 
the Vibrations to be twice as quick, and, conſequently, 
to produce in the external Air a- Sound, whoſe Note 
or Tone ſhall be twice as high, or more acute than the 
other: And therefore the Tones, or Notes of thoſe 
two Trumpets will be an O#ave diſtant from each other: 
Am I not right ſo far, Cleonicus? | 
Cleon. You certainly are, my Euphroſyne : And if 
the ſecond Perſon was to agitate the Air with a leſs Force 
of Breath, ſo that its Vibrations ſhould be in Proportion 
to thoſe of the other Trumpet, as 3 to 2, then would 
the Notes of the two Trumpets be that Concord called 
the Fifth, If the Breath be farther weakened, ſo as to 
cauſe but 4 Vibrations in this Trumpet to 3 of the Firſt, 
the latter will be a Fourth above the former, and ſo on 
for a Third, Second, &c. whence it appears, that two 
Trumpets being ſounded together, are capable of pro- 
ducing all the Variety of muſical Sounds in common 
with ftringed Inſtruments. — 
Eupbroſ. So far I underſtand you pretty clearly, and, 
at the ſame Time, I fee in general the Reaſon why a 
TRUMPET, French Horn, c. is of itſelf a muſical 
Inſtrument; becauſe, by variouſly agitating the Air 
with different Forces of the Breath, any Variety of 
muſical Notes may be produced by Succeſſion, and, 
conſequently, any Piece of Muſic may be performed in 
a ſingle Part by thoſe Inſtruments, and two of them 


{ 


together in Concert ; and becauſe of the Greatneſs of 
their Sound, or Loftineſs of their Notes, this Sort of 
Wind-muſic is generally appropriated to all joyful and 
triumphal Occaſions, and are particularly pleafing in 
the Gloom of a ſerene Night, and have their Effects 

1 greatly 
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greatly heightened by their Reverberation from an ex- 
tended Surface of Water, In this Trumpet-muſic, the 


Air ſeems not to be confined or agitated in the ſame Man- 


ner as in thoſe Pipes or Tubes we call FLuTts : Pray, 
how am I to underſtand the Effect of this Sort of Wind- 
inſtruments? | 

Cleon, The Air in the Body of any Pipe or Flute, 
will, by other Air forced in-upon it, be put into Motion, 
and being thereby more or leſs condenſed, will have 
ſuch Vibrations excited as are proportionably quicker or 
ſlower ; and theſe, by Means of the Holes producing 
ſimilar Vibrations in the external Air, will cauſe all 
that Variety of muſical Sounds, as before: But the 
Notes of thoſe Sounds will be variable, according to 
the Bulk and Length of the included Column, or 
Cylinder of Air; for the larger the Tube or Pipe, the 

reater will be the Quantity of Air to be put in Motion 
b the ſame Force of the Breath, and, conſequently, 
the leſs will be its Condenſation, therefore the flower 
its Vibrations, the lower will be the Note or Tone of 
Sound which it emits.—— But as one Length of String 
will produce only one Sort of Note, (with the ſame 
Degree of Tenſion) ſo one Body or Quantity of Air 
will be capable only of one Degree of Vibration, and 
therefore of producing only one Note, which, indeed, 
may be higher or lower, as the Force of the Breath ma 
be ſtronger or weaker impreſſed, But what I now ſay 
muſt be underſtood to relate to the common Method of 
ſounding thoſe Inſtruments; for, if you pleaſe, you 
may blow with Force enough to cauſe Vibrations twice 
as quick in the ſame Body of Air, and conſequently to 
make the Sounds emitted an Octave one above another : 
But you cannot, in this Caſe, produce any Note between 
the Octaves, which is ſomething of a very odd and ex- 
traordinary Nature. | 

Euphroſ. Pray, Cleonicus, what is it makes that which 
is called the Pitch-pipe of ſuch general Uſe in tuning 
muſical Inftruments ? 

Cleon, As we are now diſcourſing of Wind-muſic 
of the tubular Kind, your Queſtion is very apropos, an 
the Rationale of the Pitch-pipe will be very eaſy to 
conceive from what hath been ſaid ; For as the TR 
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of the Air will be proportioned to? its Quantity in a 
uniform Tube, whether ſquare or round, it matters not; 
therefore as you increaſe or diminiſh the Length of the 
Bore, or Capacity of the Pipe, by the ſolid Part that is 
moveable in it, ſo you may give ſuch Lengths to the 
included Body of Air as ſhall render it productive of 
Vibrations of any given Degree of Velocity, and thereby 
produce any given Note of an Octave. 

Ewphroj. If I underſtand you right, when the Air 
of the Pipe has its full Length, it will produce the loweſt 
or Baſe Note; but when. the folid Part is placed fo. far 
in the Pipe as to diminiſh the Length of the Body of 
included Air, by one Half, and the Note be ſounded, 
it will be now an Octave above the tormer, er twice as 
high : Is it not fo, Cleonicus? : 

Clean. It is, my Euphbreſyne, juſt as you have expreſſed 
it: And farthermore, if the Stopple be moved 
ſtil] farther up the Pipe, ſo as to leave the Column of 
Air but of its firſt Length, its Vibrations will be then 
twice as quick as in the laſt Caſe, and therefore will 
produce a Note twice as high, and conſequently will be 
a double Octave above the Baſe Note: T herefore 
it is, that this ſolid Part or Stopple may be conſidered 
as a Mdon:ichord in its whole Length, and may be ſo 
divided into a Hundred equa] Parts, in the ſame Manner 
as I obſerved to you of the Baſe or Key-note when it 
was 2 String: But here the Beginning of the 
Diviſion is from the End that enters the Pipe; therefore, 
if you place it in the- Tube to the Diviſion 50, it will 
found an Octave; but if you draw it back to 52, the 
Note will be a 1th greater; if you ſtop at bo, it 
will be a 6th greater; and after that at 40 T, the 
Fifth Note will be produced; again, by placing it to 
75, you have the Fourth Note; then again at 80, 
and you have the Third Note; and, laſtly, againſt 


80 , you have the „ Note, or that next to the 
Key or Baſe Note — Thus, any Note of the Octave 
may be produced by the Pitch-pipe: And if the Notes 
in this firſt Octave be not high enough, you may go an 
Octave higher on the ſame Monochord- and ſo have a 
very great Extent of Notes in this Pipe, 


L 5. * 
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Euphroſ. Then, I preſume, the Reaſon. why it is 
called. a Pitch-pipe is becauſe, by this Means, he that 
tunes the Harpſichord, or other Inſtrument, may be 
thereby able to pitch the Note, or Tune, to the proper 
Height above, or Diſtance from the Baſe Note; ſo that 
any of the ſeven Notes in the Octave may be aſcertained 
by this Pipe: And thus all the Octaves, and conſe- 
quently. the whole Inſtrument, may be put into Tune, 
at any Time, by this mechanical Method. I ſuppoſe, 


the Rationale of all Wind-inſtruments is nearly the 


ſame; as you have given me to underſtand, that Notes 
or Sound of this Kind depend upon, and reſult from the 
different Agitations and Vibrations of the included Air 
in the Pipes. | 
Cleon. What you obſerve is in general very juſt : 
But there is, at the ſame Time, great Art and Contri- 


vance required in the Inſtrument-maker, with reſpect 


to the internal Structure and Bore of the Tube, or 
Pipe; and alfo the Form and Size of the Holes, or Ven- 
tages, by which thoſe Sounds are modulated by the 
Fingers in Flutes, Hautboys, &c.———But the Capital, 
or moſt noble and magnificent of all the Inſtruments for 


Wind-mufic is, the ORGAN, ſo called by Way of 


Pre-eminence ; becauſe the Word Organ ſignifies, in the 
original Greek, nothing more than an ift ument.— The 
Principle of Organ-muſic is in itſelf very ſimple and 
eaſy, .as I have already ſhewn ; nor is its Structure ſo 
very difficult, or complicated, as might be imagined 
from its pompous Appearance. | | 

Euphreſ. The Aſpect and Effect of the Organ ar 
both in a ſuperlative Degree :- I am always ravithed with 
its m-jeſtic Form, as well as with its divine and celeſtial 
Sounds. I think it is with the greateſt Propriety con- 
ſecrated to the Worſhip of the Deity; as it muſt be 
allowed greatly to aſiift all that Part of our Devotion 
which relate to ſacred Muſc and Harmony, ſuch as 
ſinging Anthems, Pfalms of Praiſe, &c. and ſomething 
of this Kind we find has always been in Uſe in Royal 
Chapels, and other chief Places of Worſhip.— But 
methinks, I ſhould be glad to know ſomething of the 
internal Structure of this Inſtrument, as I Dave never 


yet had an Opportunity of gratifying my Curioſity by an 


Inſpection thereof. 
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Cleon. It will not be a great while before I ſhall take 


you with me to the Organ-builder's Room, where you 


will ſee and examine every Part which enters into its 


Structure; and, indeed, there is no Way for a Perſon 
to have a juſt Idea of the Structure of this Inſtrument, 
or any other Piece of Machinery, than by a real View 
of the ſeveral Parts that compoſe it, and the Manner in 
which they are put together by the Artificer : But, for 
the preſent, I ſhall give you a general Account of the 
ſeveral Parts of which it conſiſts : — Under the Range 
of Pipes is a long Trunk, or hollow Box of Wood, 


made perfectly Air- tight, with which the Pipes com- 


municate, and which, at the Time the Organ is playing, 
is conſtantly filled with condenſed Air by Means of 
Bellows appropriated to that Uſe.—Externally, you 
obſerve a Set of Keys like thoſe of a Harpſichord, each 


of which is adapted to its peculiar Pipe in the Organ: 
—Theſe Keys, when put in Motion by the Organiſt, 


lift up little Springs, by which the condenſed Air ruſhes 
out of the Magazine into the Pipes of the Organ. 
The nether End of the Pipe is formed ſomething like 
the Mouth-piece of a Flute, by which ſuch a particular 
Portion of Air is admitted as is ſufficient to put the 
internal Air into thoſe Tremours, and Vibrations, as 
are neceſſary to ſound the intended Note, the other Part 


of the Air running Waſte on the Out- ſide of the Tube: 
And thus the ſeveral Pipes of the Organ, like 


the Strings of a Harpſichord, have their muſical Effects 
produced, by one and the ſame Contrivance of a Set 
of Keys, which is a very lucky Circumſtance, becauſe 


the ſame Perſon can, by this Means, play either Inſtru- 


ment. | 
Euphroſ. From what you have ſaid, I am able to 


form a tolerable Idea of the Nature of this Inſtrument, 


and the Manner in which this ſuperior Kind of Muſic 


is effected: But let me aſk you one Queſtion 


more, does not the Matter and Form of the Tubes 
contribute to meliorate the Notes, or Sounds, as well 
as the Sound- boards with which ſtringed Inſtruments are 

conſtructed ? 1 
Cleon. There is no doubt of it, my Euphroſine; the 
more elaſtic the Tube is, the ſtronger and finer, and 
more 
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flat, cold, and unaffecting. 
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more ſonorous and vivid will be the Sound, if J may fo 
expreſs myſelf: Of this you would ſoon be ſenſible, 
were the Air agitated in the ſame Manner by equal Pipes 
of Copper or Lead. The Strings of a Harpſichord would 


make but indifferent Muſic without the Sound-board, 


and elaſtic Air below, contributing, by their Elaſticity, 
to heighten and perfect its various Notes. In the 
Structure, therefore, of all Kinds of muſical Inſtruments, 
we are not only to conſider the eſſential Principle of each 
peculiar Species of Muſic, but, alſo, we muſt have a 
great regard to all concomitant Circumſtances and Inci- 
dents which contribute to improve the ſame; for it is 
in Music as in PainTiNnG, unleſs the Expreſſions of 
Nature are enlivened and embelliſhed by the Graces 
borrowed from Art, the Performance will ever prove 
Thus I have, in a 
general Way, ſketched out to you a comprehenſive 
Plan of the Philoſophy of muſical Sounds, by which 
you will be enabled to read, with Improvement, the 
Works of thoſe who have wrote largely on this Subject, 
and therefore ſhail conclude with a few Reflections not 
improper. on this Occaſion : The firſt is, a Cu- 
rioſity relative to muſical Proportion, worth your Notice; 


by which there ſeems to be ſome Connection between 


the Sciences of Music and OPpTics.—You remember all 
that I have ſaid to you concerning the Reflection of 
Light from Speculums, and the Formation of Images 


thereby, from a given Diſtance and Situation of the 


reſpective Objects. | 
Euphroſ. What I can recollect of that Kind is prinei- 


pally this; that the ſolar Focus of a Speculum is at the 


Diſtance of Z Part of the Diameter of the Sphere, of 
which it is a Segment; and, farther, that when an 
Object is at any near, or definite Diſtance, the focal 


Diſtance, or Place of the Image, will exceed the Di- 


ſtance of the ſolar Focus, and ſo much the more as the 
Object is nearer to the Mirrour. 


Cleon. Very well, my Euphroſyne : Then what I have 


now to advance, is this; that if a Right-line be con- 


ceived to be drawn, and a Mirrour be placed on any 
one Part of that Line, and an Object at a Diſtance in 


another Part of that Line, then the Place of the Mirraur, 


and 


400 THE YOUNG GENTLEMAN. 


and of its Center, and the Place of the Object and its I nage, 
are four Points, which will ever divide that Line into 
Musical PROFPORTION: From whence we have this 
harmonical Analogy, as the Diſtance of the Object from 
the Center of the Mirrour is to its Diſtance from the Vertex 
thereof, fo is the Diſtance of the Image from the ſaid Center 
to its Diſtance from the Vertex Or, in other Words, the 
| Ratio of the Diſtances of the Object and its Image, 
from the Center and Vertex of the Speculum, will ever 
be the ſame. 3 | 
Euphroſ. This, no doubt, is a very curious Pro- 
poſition, both in Muſic and Optics; but J ſhould have 
a much clearer Idea of it, if you could eontrive to 
illuſtrate it by Example, or Experiment. . 
Cleon. That nothing may be wanting to your eaſy 
Conception of the Nature of ſo ſingular a Phænomenon, 
I ſhall illuſtrate it both by an Example and Experiment. 
For this Purpoſe I have provided a Speculum, which 
is the Segment of a Sphere juſt 10 Inches in Diameter, 
whoſe Center is therefore at the Diſtance of 5 Inches 
from the Vertex. Now, if I draw a Line juſt 10 
Inches long, and place the Mirrour at one End of that 
Line, and any Object at the other End, then will the 
Center of 'the Mirrour fall on the middle Point of the 
faid Line: therefore, if this Line be conſidered as a 
Monochord, it is evident, the Center of the Speculum 
falls upon that Point which is called the O#ave, and v 
the ſolar Focus is upon the Point at 2 J Inches diſtant i 
from the Vertex, which is that Note called the Fourth. 1 
Then the Object being placed at the End of the Mono- 7 
chord, its Diſtance from the Center to its Diſtance 
from the Vertex of the Mirrour will be in Proportion 
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as 1 to 2: Conſequently, the Octave, or D iſtance k 
from 5 to 10, mult be divided by the Image in the ſame 

Ratio, and therefore it will fall on the Point which is u 
6-5; Inches from the Beginning of the Monochord, and 1 
therefore will be formed on that diſtinguiſhed Concord a 
called the Fifth So that, in this Example, the Place of 7 
the Object and its Image, the Place of the Speculum, 3 
its Center and ſolar Focus divide the Monochord in all t! 
the capital Points of harmonical Proportion. 8 
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; _— But ftill, Cleonicus, though I do not diſpute 
9 the Truth of all you ſay, it will be neceſſary to evince 
O the ſame to me by an Experiment. 1 
2 Cleon. That is the next Thing 1 propoſe, and 
x which will not prove tedious or difficult in the leaſt 
r Degree ; for having placed the Mirrour in its Frame, 
e with the Center of the Pedeſtal at the End of the Di- 
5 viſions of the Line, or Monochord, I place a ſmall 
r lighted Wax-candle exactly on the Beginning of the 
ſaid Line: Then you ſee, by ſtanding on this Spot, the 
- Image of the Candle inverted, and the Point of its Flame 
; exactly directed to the fifth Note, or Diviſion of the 
) Monochord. 
: Euphroſ. This, I obſerve, is really Fact, and fully 
ſatisfies me of the Truth of this moſt extraordinary 
Inſtance of Harmony in Optics.—Pray, is there any 
| Caſe of a like Nature in any other Sciences ? 5 
N | Cleon. None, that I know of. - You. may have heard 
talk of the Muſic and Harmony of the Spheres, or 
Orbits and Motions of the heavenly Bodies; but there 
is no real muſical Proportion in the Diſtances of their 
Orbits from the Sun, or their periodical Revolutions 
about it. I have likewiſe, heretofore obſerved to 
you, that in the Refraction of Light by a Priſm, the 
Spaces occupied by the different Colours in the variegated 
ſolar Image were nearly the ſame as the Parts, or Inter- 
vals between the muſical Notes of an Octave : But this 
is a Matter, for ought we know, merely caſual, as there 
is no geometrical or phyſical Demonſtration of a muſical 
Ratio in refracted Light in that Reſpect. 
| Euphroſ. This is a curious Diſcovery indeed: But 
what have you farther to obſerve, with regard to the 
Nature and Effects of Muliic ? EO 
Cleon. It may be very proper here to animadvertz 
upon one Thing, viz, that when we know of any ex- 
traordinary Power, or Agent in Nature, we are generally 
apt to over-rate it, or to aſcribe more to its Virtue and 
Efficacy than was ever naturally due to it. To this 
injudicious Diſpoſition in Mankind, we owe moſt of 
thoſe ridiculous and extravagant Notions of Aſtrologers, 
or Auruſpices, Soothſayers, and Conjurers of every 
Kind, which have formerly ſo much jnfatuated the Minds 


Vor, II. | 24 of 


r 


402 THE YOUNG GENTLEMAN 


of weak and wicked People, to the great Diſhonour of 


an allwiſe Governor of the World, and the Shame and 
Diſgrace of human Nature. — This ſeems to have 
been the Fate even of Muſic itſelf: Its Powers are well 


| known to affect the human Fabric, which is chiefly a 


Compages, or Syſtem of nervous Fibres and muſcular 
Filaments, and thereby ſubject to all the Motions and 
Vibrations of Air; and, conſequently, by thoſe occa- 
ſioned by mufical Sounds in a very high Degree: and as 
the Paſſions of the Mind are affected, and variouſly 
excited by the Impulſes of the nervous Syſtem, it is no 
Wonder that we oftentimes ſee the Power of Muſic af- - 
fecting the Paſſions of Men, in reſpect to Joy, Mirth, 
Devotion, &c. in a very extraordinary. Manner: Nor 
are we to wonder, if we find a Set of People ready to 
extend the Power of Mufic beyond the Force of Nature, 
and aſcribing to it many Effects which it was never 
capable of producing. | 
Euphroſ. I ſuppoſe, by this Parody on the Weakneſs 
and Superſtition of Mankind in regard to the Power of 
Muſic, you have ſome Object in View, like the famous 
Story of the BiTz of the Tarantula, which is ſaid to 
be curable by Mufic alone. x 
Cleon. That is the very Thing I hinted at :>———lt 
is amazing, to conſider how ſuch a Story gained ſo 
long and conſtant Credit with the moſt ſenſible Part of 
Mankind. — Dr. Mean, very probably, might 
write from hear-ſay ; but BaGLivi, the famous Philoſo- 
pher in Italy, who could not but have good Opportunities 
of informing himſelf with reſpect to this Inſect, (which 
is a Native of Apulia) has written a Treatiſe expreſsly on 
this Subject, ——— But notwithſtanding theſe, and 
many other great Authorities, in favour of this otory, 
it is now deſervedly looked upon as a mere Fiction, 
founded in Tradition and vulgar Error only :S——As 
ſuch, it has been treated by an Italian Phyſician of 
Eminence, in the Philoſophical Tranſactions, and a great 
many Gentlemen” of unqueſtionable Veracity, who 
reſided at Taranto in Naples many Months, and during 
the Time in which the Bite of the Tarantula is ſaid 
to be moſt pernicious, affirm, that there was not 3 
Phyſician in the Country who believed there was 0 
| | | uch 
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ſuch a Diſtemper, from ſuch a Cauſe, and that Nobody 
ever remembers a ſingle Inſtance of ſuch a Thing; and, 
laſtly, that there is no Spider to be found in that Country 
different from thoſe which are common in moſt warm 
Climates. 1 . 

Euphroſ. If this be the Caſe, how ſtrangely have 
your great Philoſophers, Phyſicians, and Divines been 
impoſed upon, by ſo trifling a Thing as the fabulous 
Story of the Tarantula. Does it not argue them 
to have been equally indolent and credulous ? Was 
it not in their Power, 100 Years ago, to have detected 
this Impoſture :— Should not this prove a Leſſon of 
Inſtruction to the Yrrtvej of the next Generation, to 
be more circumſpect in their Enquiries into the Powers 
of Nature, and not to be credulouſly afſenting to every 
vulgar Report, to the no ſmall] Diſgrace of their high 
Reputation? Laſtly, I think you have ſaid enough 
for a Memento to the great Gentlemen of your own Sex, 


who are apt to value themſelves ſo much on their ſuperior 


Wiſdom and Abilities, to be very moderate, for the 
Future, in their Reflections on the Weakneſs and Cre- 
dulity of ours, ſince learned Men, as well as filly 
Women, it ſeems, can, for Centuries together, believe 
and acquieſce in ſuch an old Woman's Story. ou 
forgive me, Cleonicus, theſe genera] Reflections, as you 
cannot but know they are highly due from our Sex, for 
the many genteel Strictures we daily receive from the 
Literati of yours. | 

Cleon. I think, my Euphroſyne, all that you have ſaid 
is but too juſt a Retaliation, and you are certainly very 
right in ſo equitable a Vindication of the Honour and 
Character of the, Ladies in general : But, at preſent, 
we ſhall put an End to this Converſation, and, in our 
next, proceed to conſider of thoſe Organs with which 
Nature has furniſhed all Animals, and, in Particular, 
the human Species, both for forming and uttering of 


Sounds, as well as for perceiving and hearing the ſame. 
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DIALOGUE XXIV. 


On the Orc ans furniſped by NaTuRE, for form- 
ing and variouſly modifying Animal NorEs, 
and Voice, or SPEECH in the human Species. 


Euphroſyne. ' 


Am not very clear in the Subject of our preſent 

Converſation, Cleonicus; I remember you told me, 
when we laſt parted, that you ſhould next diſcourſe 
with me upon the natural Organs of Voice, or Speech, 
and, in general, how all animal Notes, or Sounds, are 
thereby formed and modulated, How am I to have a 
clear and diſtinct Idea of this natural Organization for 
forming and emitting animal Sounds? 

Cleon. In this Affair, my Euphreſyne, I apprehend 
ou will meet with very little Difficulty, ſince all the 
arts of the general Organ for forming animal Sounds 

are ſuch as you are well acquainted with, by daity Ob- 
ſervation and Inſpection. ——— Indeed, the Parts of 
this Organ are not ſolely appropriated to this Uſe; 
but, like many other Parts of the animal Syſtem, they 
are wiſely deſigned, by the Author of Nature, to anſwer 
many Purpoſes, and to perform different Functions in 
the animal Oeconomy.———The Parts of the vocal 
Organ are as follow, (I.) The Lungs. (2.) The Trachea, 
or Wind- p pe. (3.) The Larynx, which is the Upper- 
part of the Wind- pipe. (4.) The Epiglottis, which lies 
over the Aperture, or Mouth of the Larynx. (5.) The 
 Uvula, which hangs from the Palate at the End of the 
Paſſage of the Noſe. (6.) The Tongue. (7.) The Teeth. 
(8.) The Lips. Theſe are all the principal Parts con- 
cerned in the Formation of animal Sounds. 

Eufphroſc Theſe ſeem to me to be hard anatomical 
Names, many of them; but, I ſuppoſe, the Things 
themſelves will be eaſier to be underſtood : And, farther, 
as we obſerve in every different Species of Animals a 
peculiar Note, or Tone of Voice, or Sounds, which 
they naturally emit, therefore, in each of them, we are 

| £9 
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to ſuppoſe there is a peculiar Diſpoſition and Configuration 


of thoſe Parts, to anſwer ſuch different Modulations of 


Sounds. 

Cleon. No doubt is to be made of this; for though 
the Parts may be eſſentially the ſame in all, yet their 
Sbape, their Size, and their different Apparatus of 
Muſcles, and many other Circumſtances, may be in- 
finitely varied in the numberleſs Species of Animals, and 
thereby an endleſs Variety of animal Sounds, Notes, or 
Voice is producible. It is by this Means, that 


each Species has its peculiar Note. Thus, the 


Dog Barks, ——the Cat Mews, the Cock Crows, 
-the Doves Cos, the Sheep Bleats, 
the Cow Lowes, — the Lion Roars ; but 
Man alone SPEAKS, It is obſervable, that the 
Fiſh alone, though they have many Parts of the aforeſaid 
Organ, are yet entirely mute, or incapable of emitting 
any Note. | 

Euphroſ. You will next, Cleonicus, pleaſe to let me 
know the particular Office which each of 'theſe Parts 
perform in the Formation of animal Voice, or Sound, 

Cleon. The LuNnGs, which I have mentioned as the 
firſt and principal Part, are, in this Reſpect to the 
Animal, as the Bellows and Air-box is to an Organ ; 


that is to ſay, by them the Air is inſpired, or drawn 


Into the Lungs in a ſufficient Quantity by their Dilatation, 
as may ſuffice not only for Keſpiration, or Breathing ; 
(which is their general Function) but alſo, by their 
Compreſſion, to give a proper Impulſe to the Air requiſite 
for the intended Intenſity. of the Sound, or, in other 
Words, by a greater or leſs Compreſſion of the Lungs 
we can expreſs the Air through the Wind-pipe with 
different Degrees of Force, and thereby raiſe, or lower 
the Voice, as Occaſion requires: In ſhort, the Lungs 
are the general Magazine of Air for all the numerous 
Purpoſes in the animal Oeconomy, of which, this 
of the Voice may be juſtly reckoned in the ſecond 
Degree, 4 

Euphroſ. Is this important Organ formed alike in all 
Animals, Cleonicus ? | 

Clean. I have obſerved ſome very conſiderable Dif- 
ference in the Formation of this Part, in the Accounts 
| DZ Which 
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which Naturaliſts give us of it; but I ſhall refer you, 
for further Satisfaction in this Point, to a moſt noble 
and valuable Work, v:z. the anatomical Part of the 
Memoirs of the Royal Academy of Sciences at Paris, from 
the Year 1666 to 1699, where you will find not on] 
the beſt Iconiſms of all the capital Beaſts, Birds, 
Reptiles, Serpents, &c. that has been ever publiſhed, 
but a particular Account of all their Parts by a Diſſection 
of each: And if you read it in French, it will at the 
. fame Time be an Improvement of your Knowledge 1 in 
that Language. 

Euphroſ. I thank you for your kind Direction and 
Advice: I ſhall take the firſt Opportunity for proeuring 
ſuch uſeful Treatiſes. Pray, what is the next Part 
conducive to the Formation of Sounds ? 

Cleon. The ſecond great Part in the Organ for animal 
e or Sounds, is the Trachea or WIN D- PIPE.- 

J have obſerved to you that, in all Wind- inſtruments, 
Pipes of one Form or other are neceſſary ; but the Wind- 
pipe is moſt fitly compared to the Pipe of an Organ; 
and as it ſerves only for the Conveyance of the Air to 
the upper-part, or Larynx, it is of different Sizes, 
peculiarly adapted for expreſſing the different Sounds in 
various Species of Animals. A larger Account of this 
Part you will find in Dr. Grew's Cofmologia Sacra, or 
Mr. Derham's Phyſica Theology, both which Books are 
highly worthy of Peruſal: But one Thing I cannot 
_ omit mentipnirig to you, as it is an Argument of the 

moſt obvious Deſign and wiſe Contrivance, viz. that 
as this Part lies immediately in the Fore-part of the 
Throat, and bares on its Hind- part upon the Oeſephagus, 
or Gullet, by which our Food deſcends into the Stomach ; 
and as it conſiſts of Cartilaginous Annuli, or Rings, 
theſe, leſt they ſhould bare hard on the Gullet, are diſ- 
continued or broke off on the hinder Part, where it is 
altogether ſoft and membranous, as you may remember 
oftentimes to have ſeen, in this Part, in a Diſh that 
frequently comes to your Table. 

Euphroſ. I ſhall take more particular Notice of this 
Part the next Time I fee it, as it is ſo highly deſerving 
thereof, Pray, what 1s the next Part concerned ? 

Cleon. The Larynx, I mentioned to you as the 


third Part of the complex Mechaniſm for anin:al Voice: 
1 his 
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This Part is no leſs uſeful, than wonderful in its particu- 
lar Structure; it is placed on the upper Part of the Wind- 
pipe in the Throat, it may juſtly be conſidered as the 
moſt mufical Part of the whole Organ, as it is particularly 
adapted to modulate or vary the Sound, or Voice, in 
every reſpect, that any particular Animal is capable of: 
For this Purpoſe, it conſiſts of no leſs than five very 
curious cartilaginous Parts, all moved and actuated by 
particular Muſcles appropriated to each. In the human 
Species, this Part has a peculiar Configuration, and is 
one of that infinite Number, in the human Fabric, 
that might juſtly excite the devout Exclamation of the 
Pſalmiſt.* In the before-mentioned Authors you 
will find a great Variety in the Conſtruction of this 
Part in different Species of Animals: In ſhort, the Laryns 
_ anſwers to the Mechaniſm in the lower Part of an Organ- 
pipe, or Mouth-piece in Flutes, for modulating the 
Ingreſs and Egreſs of the Air in Speaking, Singing, &c. 

Euphroſ. So far I have at leaſt a general Idea of the 
organical Parts of Speech. Pray, what .is the next 
which follows, contributing to this End : 

Cleon. The next, or fourth Part, is the EpiGLoTTIS, 
ſo called, as being ſomething in the Form of a little 
Tongue lying over the Rimula, or Mouth of the Larynx, 
always raiſed a little above it by an elaſtic Muſcle, ſo 
that when the Aliments glide over it into the Oz/aphagus, 
it cloſes the Mouth of the Larynx ſo that nothing may 
get down the Wind-pipe ; but when they are paſt it, it 
riſes again by its natural Reſort. This anſwers to 
that particular moveable Piecg in the German Flute, 
Organ- pipes, Cc. by which the Rimula, or Paſlage 
for the Air, is made greater or leſs for the proper Modu- 
lation of the intended Note, or Tone of the Sound: 


But this Part in the animal Structure as much exceeds 


the other, as the Voice, or Notes of Animals is an Effect 
ſuperior to the Notes of a common Pipe: The manifeſt 
Deſign and Contrivance of this Part being beyond 
Admiration itſelf. „ 
Euphroſ. The Part which you have now deſcribed, I 


apprehend, is concerned in the original Production and 
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Modification of the Voice ; 'but the other Parts which 
follow, I preſume, are to render the Voice or Speech 
more articulate and diſtinct ? 

Cleon. That is their particular Office; for without 
them the Wind-pipe would be no more than a common 
Flute, for barely modulating Notes of Sound: But, by 
the Aſſiſtance of the other Parts of this Organ, thoſe 
Notes or Svunds may be ſaid to be properly configurated, 
or formed into all that infinite Variety of Sounds which 
are neceſſary to conſtitute Voice, or Speech: Amongſt 
theſe, the firſt is the Uryl/a, which I mentioned to you 
as the fifth Part concerned; this hangs from the Palate, 
in the upper and hinder Part of the Mouth, before the 
Paſſage into the Noſe : It has two Uſes, one is to prevent 
any Thing regurgitating into the Noſe in Deglutition, and 
the other is, by its various Muſcles and Motion, to 
contribute to the particular or ſpecial Modification and 
Articulation of Sounds, at its firſt Entrance into the 
Mouth: Since we find this is very often experienced 
when, by a Diſorder in this Part, it is neceſſary to 
extract it; that the Voice without it is very obtuſe and 
indiſtinct, and the Perſon ſpeaks, as we ſay, through the 
Noſe. By looking into any Perſon's Mouth, you 
will readily diſcern this Part pendant from the Palate 
over the Throat. | | 8 

Euphroſ. Well; but notwithſtanding this, I preſume 
the Tongue 1s the principal Inſtrument for rendering the 
Voice articulate? | | 

Cleon. Undoubtedly it is; the ToNGUE is the ſixth 
Part which I mentioned in the Structure of this general 
Organ, and is not only the Principal but the molt abſo- 
lutely neceſſary Part, for the general Articulation of 
Sounds, eſpecially for verbal Notes or Speech, which are 
wholly indiſtinct and unintelligible where this Part is un- 
happily wanting, as you too often find by Experience ; 
there is ſo much natural Art in the Uſe of the Tangue in 
this Reſpect, that the Tongue itſelf is not capable of 
exprefling ; it is an Inſtance of that divine Energy which 
we can only admire, but never fully underſtand : It is 
the grand Inftrument of Speech to the human Species, 
and ſerves to modulate the Expreſſions of the Paſſions, 
by proper Notes of Sound in all others, | © 

Euphroſ. As you are upon the Subject of the Tongue, 
Cleonicus, you will give me Leave to aſk, what further 

2 Purpoſes | 
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Purpoſes it ſerves beſides that of Speech? It ſeems to 
me to be the Seat, or the Organ of Tae. I ſhould be 
glad to have your Sentiments on this Subject. 

Cleon. You may command me in any ſuch Reſpects 


as freely as you pleale : —And, to te!] you the plain 
Truth, it is ſo eminently diſtinguiſhed as the Organ of 
TasTE, that it is, for ought I know, its primary 
Function or Faculty; for it is well known to Anatomiſts, 
that there is a Pair of Nerves which proceed from the 
Brain to the Root of the Tongue, and there diſperſe in 
a wonderful Manner through all its Parts; and termi- 
nating in little capillary Eminences on the upper Side 
of the Tongue, occaſions that ſmall Degree of Aſperity, 
or Roughneſs, which we there perceive: Theſe are 
called the Gſfatory NERVEs, becauſe being affected by 
the ſaporific Particles of the Aliment, or any other Body 
to which the Tongue is applied, they render us imme- 
diately ſenſible of that Quality which is called, their 
Sapor, Reliſh, or TASTE ; and this 1s the Subſtance of 
the general Doctrine of this SENSATION, 

Euphroſ. It is ſufficient to give me a general Idea of 
Taſte, and that is all I can expect at this Time. You 
will now proceed to the other Parts of this general Organ 
of Speech. | 

Cleon. The TEETH and PALATE are the next In- 
ftruments of Speech; you will eafily find how con- 
ſiderable their Office is in this Reſpect, if you only 
attend to the different Notes or Tones of the Sound 
expreſſed with the Teeth, ſhut and open; or by pro- 
nouncing the different Letters of the Alphabet without 
applying the Tongue to the Teeth and Palate ; alſo, it 
is a very common Obſervation, that the Voice of Perſons 
who have loſt any of their Fore-teeth is very different 
from what it was before, and conſiderably leſs articulate, 
It would be endleſs to be particular in ſhewing how far 
the Teeth are concerned in rendering the human Voice 
perfect, though, in regard to other Animals, they are 
of little Importance in this reſpect. | 

Euphroſ. I can eaſily experiment the Truth of what 
you have now ſaid, and am fully ſatisfied of it from 
common Obſeryation. — TI think you mentioned 


the Mouth as the laſt Part of this Organ of animal Voice? 
Cleon. The Movurn and Lips are the moſt eſſential 


of all the Parts to modulate and articulate the Sounds, 
eſpecially 
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eſpecially in our own Species; all the Variations of 
Sound, from the loweſt Whiſper to the loudeſt Voci- 
feration, depends on the different Aperture and Configu- 
ration of the Lips. This likewiſe is evident in the 
 Whiſtling and Singing of moſt Kind of Birds, their 
warbling and tuneful Notes being in a great Meaſure for- 
med and modulated thereby._— And thus, I. think, 
J have enumerated to you all the different and eſſential 
Parts concerned in compoling this grand Contrivance, 
or Organization for animal Sounds; though there is 
one more moſt eminent Part, in the animal Fabric, that 
cannot be excluded from having ſome Share in the 
Production, or, at leaſt, in the Perfection of this great 
Faculty. . 
Euphroſ. By your Manner of Expreſſion, Cleonicus, 
J gueſs you mean the Nosz; this, we know, is the 
Seat of the Senſation of SMELLING, and I am fully 
ſatisfied, at the ſame Time, that a free Paſſage through 
the Noſtrils does greatly contribute to a diſtinct Expreſſion 
of the Voice, as we eaſily find by holding the Noſe when 
WE ſpeak; | 
Cleon. Your Obſervation is very juſt; the Noftrils 
undoubtedly contribute to a free and clear Expreflion 
and Formation of animal Sounds, or Voice; but J 
did not chuſe to mention this before as one of the Parts 
of the Organ of Speech, as it is in itſelf a capital Organ 
of Senſation: I mean, hat of SMELLING, as you juſt 
now obſerved; for the Anatomiſts ſhew us a Pair of 
Nerves which, in a moſt obvious and curious Manner, 
are detached from the Brain to the Origin of the Noſe, 
and there, in a wonderful Divarication, are ſpread over 
all the Surface of the Noſtrils, whoſe fine capillary 
Extremities, being affected by thoſe particular Particles 
in Bodies in which their ODours conſiſt, prove the 
Means of exciting in our Minds the Notions, or Ideas 
of that odorific SENSATION, or Faculty, we call the 
SMELL, Iſhall, one Day or other, take an Opportunity 
of diſſecting the Bill of a Mullard, or Drake, where you 
will be apprized of the moſt exquiſite Scene of Wiſdom 
and Defign in the Structure of this Organ in that and 
other ſuch Species of Animals, who are obliged to ſmell 
out. their Food, or,proper Aliment, when it lies concealed 
from the Sight, I think, for my own Part, 8 
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Diſpoſition of the olfactory Nerves, and their amazing 
Ramification through all the broad Part of the Beak wf 
this Bird, is one of the moſt delightful and aſtoniſhing 
Sights I ever + beheld. I make no Doubt but the 
Caſe would appear the ſame, or, perhaps, much more 
exquiſite in the nervous Structure of this Organ in the 
Noſe of Dogs, whoſe Powers of Senſation in this Kind 
are well known by Inſtances which exceed all human 
Conception and Deſcription, and, I take it, that ex- 
cepting the Sight alone, the Organ of Smelling is the moſt 


7 . 


exquiſite in the animal Oeconomy. 
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DIALOGUE XXIV. 


Of the FacuLTyY, or SENSATTON of HEARING; 
with a DESCRIPTION of the particular Parts 
concerned in the Organization of the EAR. 


_ PSP 


E uphroſyne. 


S you have obliged me with a general Account of 

the philoſophical Principles of Sounds, both ani- 
mate and inanimate, which has not a little contributed 
to the Expanſion of my Mind, and Improvement of 
my Underſtanding ; yet I remember you told me, I 
ſhould never be perfect in this Part of the Science, till 


the very Organ itſelf, by which thoſe Sounds are rendered 


perceptible to us, be fully conſidered and underſtood ; 
which, I apprehend, will be very difficult for any one 
to comprehend without having the ſeveral Parts of this 
Organ expoſed to View, by an actual Diſſection of the 
EAR: This, when we parted laſt, you was ſo kind as 
to tell me you would provide for the Subject of my next 
Entertainment. 

Cleon. This I have accordingly done, having obtained 
the Favour of a Preparation of all the Parts of the human 
EAR, curiouſly preſerved, from an ingenious Acquaint- 
ance, whoſe Character, as a Surgeon and Anatomiſt, is 
not the leaſt eminent in his Profeflion, —You fee them 
here nicely diſpoſed, upon Cotton, in the little Compart- 
ments 1n this Box, | I 
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Eupbroſ. It is, no doubt, a fine Curioſity of this 
Kind ; but, by a general View of the ſeveral Parts thus 
diſlocated. and detached from each other, I cannot form 


any conſiſtent Idea of the Form and Structure of this 


Organ, as it naturally exiſts in the Head. 

Clean. But that you will more readily do by another 
anatomical Preparation of the Ear, in which all the 
Parts have their natural Poſition, and, by a particular 
Contrivance, are eaſily exhibited to the View : 
See, in this other Box, the ORO AN of the EAR entire, 

Euphroſ. This is, indeed, a moſt extraordinary and 
noble Sight; but even in this Caſe I ſee a miſcellaneous 
Syſtem of I know not what, till you ſhall pleaſe to 
deſcribe the ſeveral Parts of this complex Organ, and 
give me a particular Account of the Uſes of each, in 
producing this wonderful Senſation. 

Cleon. That is more immediately the Buſineſs and 
Purpoſe of our Meeting at this Time. I well know 
how difficult it is for any Perſon to have an Idea of the 
Nature and Manner of this perceptive Faculty, without 
an actual View of the Organ itſelf, and its feveral Parts 
diſtinctly, The other Organs of Senſation, as you 
have ſeen, are not ſo difficult of Acceſs or Compre- 
henſion, and therefore I have been the more ſolicitous to 
make this of HEARING in particular, equally underſtood 
by you. | | 

| Eapireſ. I am vaſtly obliged to you, for your Care 
and Solicitude to inform and enrich my Mind with every 
valuable Acquiſition of Knowledge : —— You will 
pleaſe' then to begin, and proceed in your Deſcription of 
the ſeveral Parts of this curious Organ. 

Cleon. I will :— —— But I muſt firſt of all obſerve 
to you, that the Parts which you here ſee in Boxes are 

the internal Parts of the Ear only; but we muſt begin 
our Deſcription with the external, and intermediate 
Parts, to render the whole compleat. Therefore, 
Fir, the external Part, which we vulgarly call the 
Ear, is of a curious Form for the better Collection of 
Sounds, and is placed oneach Side of the Head of Animals, 
(like two natural Hearing-trumpets,) to collect the Sound 
which comes from every Part, and the Duplicature of this 
Organ is a benign Proviſion for any Accident by which 
we may be deprived of one, as ye have remarked before 
in the Caſe of Viſion. 


— on ad war ds a at Fa wo 3 © 


W 2 2 


es 


I SPY. i Es. 


AND LADY's PHILOSOPHY. 413 


Secondly, . the Meatus Auditorius, or Paſſage to the 
internal Ear, receives the Sound from the external Part, 
where it is augmented as in the Tube of a Trumpet, 
and, as it were, condenſed upon. 1 
Thirdly, the Membrana Tympani ; or Drum of the 
Ear, which is this curious membraneous Part which you 
ſee here extended quite acroſs the Ear, and being almoſt 
of a circular Form, repreſents the Parchment Membrane, 


or Head of a Drum: In the Sinus, where this Membrane 


is placed, there are ſome Parts in the Nature of little 
Springs, (as you may obſerve in this Preparation, ) by 
which this Membrane is tended, or relaxed, in order 
that the Vibrations of the internal Air may be thereby 
rendered more or leſs intenſe, as the Occaſions of this 
Senſation may require; for, if the external Sound be 
too great, this Membrane may be relaxed to moderate it; 
or, if too low, it may be ſtrained higher to augment 
or heighten it; all which is analogous to the Mechaniſm 
I have formerly obſerved to you in the Pupil of the 
Eye, with regard to too intenſe or too weak a Light. 
Euphroſ. A moſt wiſe and very wonderful Contrivance, 


indeed? Thoſe little Parts which appear like Bones on 


the Inſide of that Membrane, I preſume are the little 
Springs that you ſpeak of. 

Cleon. They are: The firſt of theſe conſiſts of two 
little Bones, called the Malleus and Incus, or the Hammer 
and Anvil: Theſe contribute to.extend and relax the 
Membrane principally.—— The ſecond Spring conſiſts 
of the ſame Incus, and another little Bone called the 
Stapes or Stirup, joined together by a third little Bone 
called the Os Orbiculare, and the Baſis or Foot of the 
Stirup is the Paſſage, or makes the Entry into the ſecond 
Sinus or Cavity of the Ear. 

Euphroſ. Pray, is this Membrane ſo perfectly ex- 
tended over the Paſſage of the Ear as entirely to cut 
off all Communication between the internal and external 
Air? | | 

Cleon. It is but very lately that it has been diſcovered 
to have a fmall Perforation on one Side, which opens 
into a Canal called Euſfachius's Tube, from the Author's 
Name who firſt obſerved it: This Tube opens itſelf 
toward that Part of the Mouth which communicates 


with the Noſe; and hence it is that ſome People, by 
| | ſhutting 
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ſhutting their Mouth and holding their Noſe, can 
force the Smoke of Tobacco in a viſible Manner through 
their Ears, through this ſmall Chink firſt detected by 
Rrvinus. 46 46 bh | | 

Euphrof. By ſuch an odd Kind of Experiment a 
Communication between the internal and external Ear 
is put beyond all Diſpute :———But, pray, Cleonicus, 
is not ſuch a Hole neceſſary in the Nature of an Organ 
of Sound? Becauſe I have always obſerved it in all 
Inſtruments, as the Zhan Harp, Violin, Sc. where a 
Body of Air is contained under a Sound-board beneath 

———.. . | | 

Clean. There is no Doubt but that every Part in 
the Ear is perfectly adapted to a juſt Modulation of har- 
monious Sounds, and to meliorate their Tones; and 
that this Perforation in particular may not a little con- 
tribute thereto, as you well obſerved, we find it does 

: in moſt Wind- inſtruments. 

Euphroſ. Pray, what are thoſe Parts which J obſerve 
within the Ear, in the curious Form of a Snail ſhell? 
. Cleon. The Paſſage or Part juſt behind the drum of the 
Ear is called the Veſtibulum, being, as it were, the Anti- 
chamber or Entrance to two other Cavities or Apartments 
in the Ear: The firſt of theſe Cavities is called the Laby- 
rinth, conſiſting of theſe Semi-circular Canals; and the 
Second is called Cochlea, from its reſemblance of a Snail- 
ſhell, as you may ſee by their Appearance in theſe Prepa- 
rations. — | 

 Euphrof. They ſeem to be very curious Parts, indeed; 
and what you call the Labyrinth appears to me to have 
ſomething of the Mechaniſm of a Winding-horn, or 
Hearing-trumpet. + | 

Cleon. Not only the Form, but its Uſe is undoubtedly 
of the ſame kind, viz to increaſe the Agitations of the 
internal Air, or to make them more ſenſibly affect the 
Fibres of the auditory Nerve, to which a Veſtibulum, or 
Paſſage with which they all communicate, may not 2 
little contribute; as alſo, thoſe little Membranes which 

ou here ſee extended in the Entrance into each of them. 
This Labyrinth of Winding-tubes is ſuppoſed to be the 
general Organ of Hearing: But that which is deſtined; 


for the more delicate and refined Uſes of Hearing, ſuch as 
the forming and modulating muſical or harmonical Sounds, 
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ſeems 
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ſeems to be this other ſecond Cavity of the Cochlea, in 
whoſe curious and moſt perfe& Mechaniſm you obſerye 


two ſpiral Windings or Canals, ſeparated from one 


another by a thin nervous Membrane, ſupported through 
its Length by the projection of bony Lamine, as you 
may fee in this Cochlea by a proper Section through it. 
Euphroſ. I obſerve it with a great deal of Pleaſure; and, 
as this Winding- paſſage grows narrower towards the 
Summit, I apprehend the Fibres of the auditory Nerve, 
diſplayed through the ſame, may be ſuppoſed to have 
ſome Reſemblance to the Syſtem of Strings in a Harpſi- 
chord, and that in this Part we may expect to find the 
true Seat or Cauſe of Concords and Diſcords, or of the 
Harmony and Diſſonance of Sounds, 7 
Cleon. Your Conjectures perfectly coincide with thoſe 
of the beſt and moſt experienced Naturalifts, who have 
always conceived this to be the Caſe, but in an infinitel 
ſuperior Degree to any Thing that we can find in the 
human Conſtruction of a muſical Inſtrument ; for in ſuch 
an infinite Variety, in the Lengths of nervous Chords, 
it will always happen that fome or other of them will be 
in Uniſon, or ſome other Concord with the Vibrations of 
the Air impreſſed; and other Nerves in Diſcord with 
other Vibrations of the ſaid Air — This, at leaſt, is 
ſome Way of accounting for the mechanical Production 
of Sounds, and muſical Notes in this Organ: But you 
are not to expect that we can, at all Times, declare the 
full Intent and Purpoſe of every Part which we obſerve in 
the Contrivance of this, or any other Organ of Senſation. 
Zuphroſ. It is to be eſteemed a great Condeſcention, 
that we are admitted to ſo near and ſo affecting a View of 
Nature and her great Operations, as to give us thoſe 
extended and exalted Notions. and Ideas which we thereby 
acquire of the divine Author himſelf. How little can 
they be properly ſaid to know of the Deity, who are 
ignorant of the Works of his Hands? For my Part, I 
ſhall ever think it my greateſt Felicity to have been thus 
conducted, by you, through a Series of theſe moſt 


_ uſeful Speculations, on the moſt intereſting Subjects 


of this Kind, and which will ever endear you to, me 
under all the Relations of a Friend, a Brother, and a 
Tutor ; and which is all the Acknowledgment I can, at 


preſent, make for your aſſiduous and indefatigable Care 
1 5 
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to enrich my Mind, and to improve it with the moſt 
invaluable Principles and Parts of human Knowledge, 


A Deſcription of the ſeveral Parts of the EAR. 

Fig. I. AB, the external Ear. CD, the internal 
Part, or Organ of the Ear, conſiſting of the Drum, 
the Labyrinth and Cochlea. E, Euftachius's Tube. 

Fig. II. Shews the Tympanum, or Drum of the Ear, 
with its proper Apparatus of Bones in their natural 
Situation, viz. A, the Tympanum ; B, the Malleus; C, 
the Incus, or Anvil; D, the Stapes, or Stirup. 

Fig. III. Shews thoſe Bones ſeparately, viz. B, the 
Malleus; C, the Incus; D, the Forepart ; and E, the 
hind Part of the Stapes. 2 

Fig. IV. Is a View of the Labyrinth and Cochlea con- 
nected. A, the Superior; B, the Middlemoſt; and, 
C, the inferior Semicircular Canals of the Labyrinth. 

DE, the Veſtibulum of the Labyrinth; FG, the 
Cochlea with one of its Spirals opening into the Ye/tibulum 

DE, and the other into the Drum at H. 3 

Fig. V. Another View of the Labyrinth and Cochlea, 
ſhewing thoſe Bones in the Tympanum which open into 
them, viz. the Holes called, 

1. The Feneſtra Rotunda, which opens into the 

Cochlea. | 
2. The Fenefira Ovalis, which opens into the Veſ- 
tibulum. | 

3. The Exit, or opening of another Canal. 

4. The Spiral of the Cochlea, opening into the Vefti- 
bulum. | 
5. The other Spiral opening into the Tympanum. | 

Fig. 6. A Section of the Cochlea, with the mem- 
braneous Partition taken away, ſhewing the Blood- 
veſſels ramified through its two ſpiral Cavities, A and B. 

Fig. VII. Another Section of the Cochlea, ſhewing 
the Holes for the Paſſage of the auditory Nerve to the 


Cachlea. 
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MPHISCH, « 3 25 83 12 
Analemma, or general eke, its Uſe on the terreſtrial 
Globe, 108. - „ 
Antæci; 93. . 
Antipodes, ib. | 
Aquarius, the Emblem of a rainy Seaſon, 19. 
Fabulous Hiſtory of, ib. 
Ara, a s pactical Deſcription of the Uſe ax Occaſion of this 
| onſtellation, 3 
Areuris, a Star of the A Magnitude, 70. 
Latitude pf, from the Ecliptic, with its Declination and 
Eo right Aſcenſion, 7b. 1 
Its riſing, ſetting, — 5 71. e 
Argo, fabulous Hiſto 225 | 
Aries, the firſt Sign of the odiac, 10. 
Conjectures with regard to the Name and Form of this 
Conſtellation, 11. 
Fabulous Hiſtory of, 76. 
Aſcii, who were called ſo by the Greeks, 91. 
Aſtrologers, their Pretenſions often vain and impious, 4- 
Auriga, fabulous wana of, 27. 7 
Azimuth of tue Sun, | ps 3 
How to find it fr any Hour of any given Day ve the 
Year, 47. . | 


BALENA, the Whale or Sea ee. poetical Story of, 3 1. 
Bays, 97. 

Black, an Abſence of Colour rather than a Colour, 207. 
Bootes, or Arctophylax, the Bear-keeper, fabulous Hiſtory of, 27. 5 


Break of Day and Twilight, 48 49%. | 
Bull, fabulous Hiſtory oh _—_ 
Vol Ih. - 
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CELESTIAL Globe, deſcribed, 1. 
| Wherein it differs from the Sphere, 2. 
What the Antients called cœleſtial Houſes, 3. 
Camera Obſcura, a new proportional one, 250. 
Ute of, principally for Drawing, 15. & ſeq. | 
The" Artiſt cattivt draw ahy Object in a given Proportion 
by the common Camera, 252. | 
Cancer, the Name of this Sign not without Propriety, 14. 
Fabulous Hiſtory of, 15. f 
Canis Major and Canis Minor, the great and little Dog, 34. 
Capricorn, the Origin of this Conſtellation, 18. 
Fabulous Hiſtory of, 76. | 
Caput Meiſe, Mediſe's Head, fabulotis Hiftbry of, 25. 
Cepheus and Caſſiope, fabulous Hiſtory of, 22. | 
Charts and Maps, how properly conſtructed, 128. 
The Errors of thoſe in common Uſe, 129. 
Excellency of ſuch as are of the globular Conſtruction, #8, 
Of great Uſe in fepreſenking particular Places, 133. 
'Thoſe repreſenting a Spheroid moſt accurate, 134. 
Peculiar Advantages thereof, 137. 
Illuſtrated by a Diagram, 1 39. 
Circle of Illumination, 116. 
Circles of the Horizon, 2. N ; | 
Tlimates, What the Geögraphers mean by a Climate, 93 
A Table of thoſe between the Equator and the polar 
_ Circles, 94. V 
Petsecn che polar Circles and Poles, 7b. 
Colours, the Theory of, 198. | 5 
Sir 1/aac Newton firſt Aifebvered the Cauſe of, 199. 
This Diſcovery proved by Experiments, 16. 
Hen original Colours, 200. | EE: 
Why Bodies are Teen varioully cbloufed in a Priſm, and 
not in Glaſſes of other Forms, 201. 


The Colours of the Rainbow explained by an Experi- 


ment, 203. | LE t | Pug 
Comets, their Courſes to be traced bn the caleftial Globe, 
61 & ſeq. 355% RE 3 
The Says of the Comet in 1758 particularly deſeribed, 
54 & eq. | N 
Concord and Diſcord in Muſic, 370., 378. 


Conſtellations, conſiſt of a Number of Stars, 5. 

Names of thole in the fiorthern Hemilphere, 5, 6. 

Their Origin and Mythologic Hiſtory, 32 & ſeq. 
Of thoſe in the ſouthern Hemiſphere, 6, 7. 

Their Origin and fabulous Hiſtory, 32 & feq. : 

* numbering and naming them of the moſt àntient 
ate, 7. 5 h 

Of thole of the Zodiac, with their fabulous Hiſtory, Lo&ſeq« 
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Continents, g . 5 2 
Crater, the Bowl; fabulous Hiſtory thereof, 3. 

Creeks, 97. 3 

Crepuſcular Cirele, or Circle of Twilight, 116. 


DAY ; Lunar, Planetary, Sidereal, and Solar, 309. 
Delphiuus, the fabulous Hiſtory of, 31. f 
Draco, fabulous Hiſtory of, 21. 


EAGLE, fabulous Hiſtory of this Conſtellation, 28. 
Ear, its various Parts deſcribed, 411 & ſeq. | 
A Plate of it, with an Explanation of the Figures, 441. 416. 
Zarth, the Axis of, has a retrograde Motion, 75. 0 | 
The Effects of this Motion illuſtrated on a Globe with a 
particular Apparatus, 76. 5 
The Motions of the Stars and Conſtellations forward thence 
A4 accounted for, 80. . N 
Figure of, not that of a Globe, 87. 
But what is called a Spheroid, 15. 


Dimenſions of, 88, 89. , oe 


Echo, the Nature of explained, 364. 4 


Often affords an agreeable Amuſement to the Curious, 365. 
The Man and his Echo muſt be heard from two diſtant 
Places, 366. | 


| Fel, the Scale of, its Appearance in the Microſcope, 186. 


The Scales of this Fiſh differ from thoſe of common Fiſk 
in ſeveral Particulars, 186. | 
Elaſtic Fluid, the Nature and Action of, 356. 
Epiglottis, 407. : 


; . 3 al | 
| Equinoxes, the Proceſſion of, illuſtrated by a Globe of & par- 


ticular Conſtruction, 76, 77. 
See Plate XXXVI. 81. e e 
The equinoctial Points being moved, the Phænomena of 
. any Age may be repreſented on a cœleſtial Globe, 84. 
Eridanus, a Conſtellation to called, fabulous Hiſtory of, 37. 
Evening, ſtarry, a poetical Deſcription of, 10, 11. | 
Explanation of a Plate repreſenting the Machinery in a ne- 
Apparatus to the terreſtrial Globe, 112. 126. 
Of a Plate repreſenting the different Parts of the Ear, 
411. 416, | 
Experiments. ; | | SM = 
To prove the Sun's Rays when refraQed to be the natural 
Cauſe of Colours, 199. 
To explain the Nature of the Rainbow, 203. 
To illuſtrate the magnifying Power of a Teleſcope, . 
To ſhew the Cauſe of the Defe& of Sight in the Mops, 
EZ 
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Experiments. 
To ſhew the os Degree of Vibration Glak is 


capable of, 379. | 

To thew in what a ſurprizing Manner muſical Strings are 
affected by each others Vibrations, 389. | 

To prove that a String may be put into Motion by two 
Parts, and yet at reſt between them, 399. 

ye, the Form and Structure of, 333. 

What the Anatomiſts call the Optic Nerve, 3 34. 

The Retina the immediate Inſtrument of Viſion, 16. 

Form of the Eye ſuch as the Laws of Optics require, 337. 

The Cornea, why tranſparent and convex, 16. 

The Uſe of the DUuvea with the Pupil, 339. 

The chryſtalline and vitreous Humours, 340 & keg. 

A Defect of the Eye in old People, to what owing, 344. 

In young Perſons, from what proceeding, ib. 

Structure of an artificial Eye, 348. | 

Of the three Glafles which are ſcrewed on in the anteil 
Eye, 349. 

The. well — PH and defective Eyes illuſtrated by an Expe- 
riment, 3350. 


GAMUT, in Muſic, what, 376. 

Gemini, Reaſons for the Denomination of this Sign, 14. 
Fabulous Hiſtory of, 74. 

Glaſſes, dave! — to help the decayed Sight of elderly 


eople, 346. 

Muſt 1 ſo placed, that the Axis of each may coincide 
with the Eye, 348. 

Concave, proper for ſhort-ſighted People, 346. 

Muſfic of, 387. 

Globe, cceleſtial ; a Deſcription of, 1 & ſeq. 

Uſe of, in ſolving ſolar Problems, 42 & ſeq. 

In ſolving lunar Problems, 52 & ſeq. 

An Appendage to, for ſhewing the various Motions of 
the Moon, 5 1. 

Uſe of, in Problems relating to Planets and Comets, GO& ſeq. 

In ſuch as relate to the Stars, 68 & ſeq. x 

An antique cceleſtial Globe, found in the Ruins of antient 
Rome, 80. 

Conjectures concerning the Age thereof, 81. 

This Globe a Demonſtration of the retrograde Motions of 
the equinoctial Points, 82. 

Terreſtrial, a Deſcription of, 87. 
Its Uſe in the Solution of many curious and uſeful 
& Problems, 98 & ſeq. 
Deſcription of a new Apparatus thereto, 110 & ſeq. g 
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> 
To rectify this new conſtructed Globe, 113. | 
To ſhew thereby the Manner in which the Earth turns 
upon her Axis, as ſhe proceeds in her Orbit about 
the Sun, 113. | 5 | 
To ſhew the apparent Motion of the Sun in the Ecliptic 
- .for-08e: Dp; are 05r by inote ee 16D | 
The variable Length of Days and Nights, 15, 16. 7 
The various Seaſons of the Year, 117. | | 
Uſe thereof, for exhibiting the Phænomena of ſolar 
Eclipſes, 120. PR ALF | 7 
Exemplified in ſhewing the Solar Eclipſe April 1, 1764, 
121 & ſeq. | 
Gulphs, 96. | 


HARP, the /Eohan, 388. 
Harveſt Moon, explained by the cœleſtial Globe, 57. 
Helioſcopes, Uſe thereof, and moſt perfect Method of making, 
The moſt remarkable, thoſe invented by Dr. Hook, 236. 
Helioſtata, a ſolſtitial and planetary Clock, 304. _ 
It ſhews the lunar and planetary Days, by the Contrivance 
of a Pendulum for that Purpoſe, 308 & ſeq.. 
How the Machine muſt be rectified for planetary Obſere 
vations, 310. . | 
The Uſe of, exemplified by Experiments, 313 & ſeq. 
Hercales, fabulous Hiſtory of, 29. 
Heſod, the Age in which he lived determined by his Deſcrip- 
| tion of the acronical Riſing of the Star Arcturus, 83. 85. 
Heteroſcii, 92. & leq. 2 JE 1 "213 | 
Horizon, Circles of on the cœleſtial Globe, 2. 


— 


JERUSALEM, its Latitude and Longitude, 99. 
What Point of the Compaſs it bears upon from London, 
100. 
Jet d aus, exhibited by an artificial Fountain, 205: 
Inftruments, ſtringed, the Principle of their Conſtruction, 381. 


Job, his Hiſtory the moſt antient of any extant, 7. 


He mentions the Pleiades and other Conſtellations, ibid. 


Iſlands, 9g. 1 
1/thmus's, 95 ; 


LAKES, 96. | 
Lanterna Megalographica, or the Magic Lanthern, 285. 
Wherein it differs from the ſolar Megalaſcope, 286. 
A Portrait two Inches long thereby forms an Image on 
the Wall fix Feet high, 287. | © ie 
A View of the Coronation by this Inſtrument, 288. 
Its Uſe in viewing the Contexture and Ramifications of 
Leaves and Sea Plants, 289. 


8 


— 1 N D R X. 
The Effect thereof in viewing little tranſparent medallic 


Impreſſions, 291. 
A 1 of the King and Queen as large as the 
Life, 292. 
3M * View of London before che Fi ire, 1b. 
The King's Arms richly bio and coloured, 293. 
Larynx, 406. 
Latitude, what it is, 89. 
I uo0 find that of any Place, 98. 
Lenſes, convex and concave, their Uſe in Reading Glaſſes, 318. 
The Rationale of, explained by a Diagram, 319- 
f The Theory of viſual Glaſſes, 32 1. 
The Power of Burning in large convex Lenſes and con- 
cave Speculums, 32 23. | 
The Rationale thereof, 324. 
Various Kinds of burning Speculums, 327. 
Their wondrous Effects, 328 & leq. 
Some of the moſt remarkable proved by Experiments, 331, 
Leo, the Lyon; Reaſons for the Name of this r N 15. 
Fabulous Hiſtory of, 16. 
Libra, the Propriety of the Name of this Sign, 16. 
' Fabulous Hiſtory of, 76. 
Some of the Antients not acquainted with this Sign, 17. 
Tight, the Motion of, propagated in N Directions 
only, 363. 
Not in the Manner Sounds are, 364. 
| Velocity of, twelve Millions of Miles per Minute, 368. 
. Longitude, to find that of any Place, 99. 
Lungs, their Office in the F ormation of animal Voice ox 
Sound, 405. 2 
Lyon, fabulous Hiſtory of, 15. 
Lyra, the Lyre, fabulous Hiſtory of, 30. 
- Zyrichord deſeribed, 385. 
; A Print of it, we 


MACULZ or Spots of the Sun, 50. 

Marc Lanthern defcribed, 285. 

Ho it came to be fo called, 286. 

Manilius, an antient poetical Aſtronomer, 10. 
His Deſcription of the twelve Signs, 7b. | 
Of the northern Conſtellation Ser pentarius, 29- 
„ 33. - 
Of the Conſtellation Ara, 35. 
Of the Milky-Way, 40, 41. 

"Maps, g general and particular, 127. | 
The Deficiency of the common Method of conſtruting 
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The K of the glabylar Projeftion in g Map of 
e . 


World, 
This illuſtrated by a Plate, 131. T 
Some are made by projecting the Surface of the Earth on 
the Plane of the Horizon, 131. vr 
Thoſe of particular Places, are much jaſter Reppeſen- 
tations of them than general ones tan be, rata 
Should be taken from the Surface of a Spheroid, ngt 9 
Sphere, 134. 


The principal and pecyliar Advantages of ſuch a Map, 


13%. 7 | 
Iuftrated by a Diagram, 139. See alſo Plate XL. 140. 
Mercator's Projection, 131. 1 4 5 
, _ their Nature, Uſe; and Conſtruction, 
: 61 & ſeq-· 5 | 
Different Kinds and Forms, with their reſpectiyę Uſes, 
167, 172. L | | | 
HWilſen's deicribed, 168. Cp [js 
Three Forms of Microſcopes uſuallꝝ called manual, 172. 
Compound, their Nature, Conſtruction, and Uſę, 174 
Difference betwixt the ſingle and compound, 17g. 
The Parlour Microſcope deſcribed, 180. 
The Three: pillared one, 181. 
The Solar Microlcope deſcribed, 182, | 
Deſcription and Uſe of the ſeveral Parts, 183. 
Its VE illuſtrated in the Scale of a Sole Fifh and an 
2 | 
In a peculiar Species of Eels, 186. ; 
In he Eye of a Fly, and the Wings of a Scarab or ſmall 
Beetle, 187. 
The caſt-off Skin of a Spider, 188. | | 
The Tail of 8 Water-Newt, to ihew the Circylation, 189. 
Deſcription of a Microſcopic Apparatus, conſiſting of a 
ſingle, compound, and folar Microſcope, to be ꝝnited 
as Occaſion requires, 194 · : ; 
Vluſtrated by an Explanation of the Figure in Plate 
. XTIV. 196. 2 
Milky-Way or Galaxy, fabulous Hiſtory of, 40, 
Poſition of, on the firſt of Ocbcher, 73. . 
Mauth and Lips, moſt eſſential to the human Voice, fog. 
Mafic, the Properties of Sound reſpecting it, 369. 
The Connection of with Optics, 399. 
Mufical Notes, ib. ] 
Inſtruments, - Waal of, 393. 
Myops, a ſhort-ſighted Perſon, 3455. bf 
3 cs Defect is . repreſented by 2 
Diagram, 352. 
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1A DE X. 
A Variety of concave Glaſſes muſt be ſed as . 
347 bs 
«| 


NERVE, the univerſal Os of gene 334. 
Thbe optic, enters the Eye on one Side, 335. 
A Reaſon affigned for this, 765. 
This illuſtrated by an Experiment, | 
Newton (Sir {aac) firſt inveſtigated the ok of the various 
Motions of 'the Moon, 51. 
He diſcovered the natural Sayre of CG 199. 
No /e, its Office, 410. 


OCEANS, 96. 
OzZant, or Cees, 296. 
Its Conſtruction and Theory explained from a Principle 
in Optics, 297 & ſeq. ' 
The Ute thereof to take the Height of the Sun at Sea, 301, 
Alſo the Height of the Moon, 302. 
And the Diſtance of the Moon from any Star, 303. 
Octave, in Muſic, what, 3 372 & ſeq. . 
| The Rationale of, 373. 
Opera Glaſſes deſcribed, 220. 
Optical Inſtrument for meaſuring the Angle of Viſion, 274. 
No more than two Glaſſes eſſentially required in it, 275. 
ö A third may be added, 276. 
A Micrometer adapted to it, the Diſtance of an Object 
1 thereby be diſcovered, 277. 
arative apparent Magnitude of diſtant Bodies 
Loos 1 allo be eſtimated, 278. 
May be applied likewiſe to meaſure the Diftance of inac- 
ceſſible Objects, 279. 
Upon making a Change of Glaſſes, prints and Pictures 
may be viewed to great Advantage, 76. | 
May be fitted alſo for viewing all Intaglios, or deep cut 
Figures in precious Stones, 282. 
It ſhews alſo to' great Advantage all Kinds of Foſſils, 
4 Minerals, Ores, &c. 28 
Organ, the internal Structure of this muſical Inſtrument, 397. 
Orion, fabulous Hiſtory of, 
Ovid, tranſlated by Dryden, his Relation of the Story of 
| Jupiter carrying off Europa, 12, 13. 
Of Jupiter, and Caliſto turned into a Bear, 21. 
Perſeus and Andromeda, 22. | 
Of Meduſa, one of the Gorgons, 25. 
Phaeton falling into the Eridanus, 38. 
His ſurpriſin g Account of the Phenix, 39. 
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EN: DEX 
- PARALLAX, the Nature of explained, 1433. 
Of Venus, 260 & ſeq. - 
Pavo, the Peacock, fabulous Hiſtory of, 37. 
Pegaſus, fabulous Hiſtory of, 26. py 
Pekin, Latitude of, 99. | 
; Point of the Compaſs it bears upon from London, 100. 
Peninſulas, 99. | | 
7 Peri æci, 93. ä i 1 
Perſeus and Andromeda, fabulous Hiſtory of, 22. 
Peterſburgh, Latitude of, 99. | 
Phenix, fabulous Hiſtory of, 39. | 
Phenomena of the Moon accounted for, 56 & ſeq. . 
Of the Tranſit of Venus over the Sun, 142 & ſeq. 
Piſces, what gave Occaſion for the Denomination of this 
Conſtellation, 19. | 
Poetical Hiſtory of, 76. | 
Pitch-Pipe, in Muſic, the Rationale of, 396. 
Planetary Day, 309. 7 Wide 
Planets, their Orbits do not coincide with the Ecliptic, 63. 
Repreſented on the cœleſtial Globe, 75. 
To be meaſured more accurately when diveſted of their 
Radiance, 2586. 
The Quantities of Matter in any two, are in- a Ratio of 
the 'periodical Times and Diſtances of the Satellites 
which revolve about them, 263. 
Plates. | 
XXXIV. The cœleſtial Globe, 42. | 
XXXV. The Courſe of the ſolar Maculz over the Sun's 
Diſk, 80. : | - 
XXXVI. Of the Proceſſion of the Equinox, 81. 
XXXVII. The cceleftial Globe rectified for the Age and 
| Birth of Heſod, 86. 
 XXXVIIL The ſolar Eclipſe April 1, 1764, repreſented by 
ga new Apparatus of the terreſtrial Globe, 126. 
XXXIX. A Diagram demonſtrating the Nature of geo- 
graphical Maps and Projections, 137. 
XL. A new geographical Map or Chart of the 4:lan- 
tic Ocean, with Part of the Continent of 
Europe, Africa, and America, on the conical 
Projection, 140. 
XLI. The Tranſit of Venus over the Sun's Diſk, 154. 
XLII. An Apparatus adapted to the feflecting Tele- 
ſcope, for ſhewing the Tranſit of Venus, 160. 
XLIII. Different Forms of fingle Microſcopes, 172. 
XLIV. Single, compound, and ſolar Microſcopes, 196. 
XV. Prifnatie Experiments in a Camera Ob/cura, 202, 
XLVI. A Plate of the Rainbow, 206. 


I N D E X. 


XLVII. A Plate to illuſtrate the Nature of tefrading 
Teleſcopes in a Camera Qb/curs, 228. 
XLVII. The Nature of reflecting Teleſcopes, 250. 
XLIX. The Beginning and End of the Egreſs of "ou 
from the ſolar Diſk, 25g. | 
, L. Optical Inſtruments, 294. | 
LI. The Nature of Viſion explained, 333+ 
Lyrichord, 386. | 
LI. A Diſſection of the Ear, 413+ 
Polemeſcope deſcribed, 232. 
Port Royal, 1n Famaica, its Latitude, and TO PP from 
London, 99. 
e or elderly People, Cauſe of their . in 
d. . | 
— = of a convex Glaſs, 16. i 
This Defect of the Focus being at tae great 8 8 
repreſented in a Diagram, 352. | 


Problems ſolved on the cœleſtial Globe, 42. 


To find the Sun's Place in the Ecliptic, 43. 
The Conſtellations above the Horizon at Noon, 16. 
be Sun's Declination and right Aſcenſion, 44. 
Time and Amplitude of rifing and ſetting, 10. 
To find his Altitude, 46. 


To ſhew the Hours of the Day thereby, 47. 


To ſhew the Sun's Azimuth, 48, 
To find the Moon's Orbit, 5 2. 
Her true Place in the Orbit, 53, 54. 
Her Latitude and Longitude, 55. 
To ſhew the Uſe of — Zodiac, 1b. 
The Declination of the Moon, 56. 
The Harveſt Moon, 57 & ſeq. | 
To ſhew each Planet's Place in the Ecliptic for any par- 
ticular Time, 62 & ſeq. 
| To trace the Courſe of a Comet, 64.4 ſeq. | 
_ To # na _ Stars will be viſible any Hour of a Night 


The Loris of a Place and the Altitude of a Star being 
wen, to find the Hour of the Night, 73. 

Solutions of, on. the terreſtrial Globe, 98. 

To find the Latitude of _ given Place, 76. 

Latitude an and — given, to fod the Place on the 

To find the - "oe between any two Places, 100. 

To find the Point of * on which any Place 
* from London, ib „ To 


A Ni BEN 

To find all is Places of the ſame Latitude and Longi 

with a given Place, 101. my 

To find all thoſe Places where it is Noon at any Hour of 

the Day, in a Place given, ib. » 

When it is Noon at a Place given, to find what Hour it is 
at any other Place, 102: + 

For the Hour of the Day, in the Place where you are, to 
find the Hour in any other Place, ib. | 

To find all Places in the Torrid Zone to which the Sun 

zs vertical for any given Day, 103. 
To find the Midſummer-Days for any given Place in the 
Torrid Zone, 76. 

T o find thoſe Places in the North Frigid Zone where the 
Sun begins to ſhine conſtantly, or without ſetting, on 
any given Day, 104. 

To find the Place over which the Sun is vertical on any 
given Day and Hour, 105, 

To find, for any given Day and Hour, choſe Places 

whard the Sun is then riſing or ſetting, or in the Meri- 
dian.; alſo thoſe Places which are enlightned, and 
thoſe which are not, 106. 

To exhibit, in a general Manner, all thoſe Places to 
which a ſolar or lunar Eclipſe is viſible, when the 
Time is known, 16. 

Exemplifed in the Eclipſe of the brit of April, 1764, 107. 
See Plate XXXVUI. 126. 

 Promontories, 95. | 


RAINBOWS, their Diverſity of Colours „ byiExpes 
riments, 202 & leq. 
That one commonly called the Water-Gall accounted 
for, 20 
Reprofatund by an artificial Shower of Rain, 205. 
See Plate XLVL 206. 
Reading-Glailes, the magnifying Power accaunted for, 319,320. 
The proper Size for reading with both Eyes, 321. 
The elliptic Form preferable to a round one, 2b. 
Redifying the cœleſtial Globe, Method of, 42, 
Refieting or Catoptric Teleſcopes, 2 36. 
* Their genuine Conſtruction, 247. 
| Vfe of their reſpective Glaſſes, 248. 
Retina of the Eye, 334+ 


Rivers, 97. - 


SAGITTARIUS, the Meaning and Import of this * 8. 
Fabulous Hiſtory of, ib, 


IN D E X. 


Scorpion, fabulous Hiſtory of, 17. 
Sea Charts, 127. | 5% $81 
Quadrant, or Rare Octant; Nature and Theory of, 
9 59 s © eee, 
Seas, 96. | 
Serpentarius, fabulous Hiſtory of, 28. 
A poetical Deſcription of, 29. 
Sextans, the Inftrument of Urania, made a nem , 28. 
Sidereal Day, 309. | 
Solar Day, ib. | 
. Eclipſe in 1764 repreſented by a Machine, pos. 
Sole, the Scale of, its A — in the is Microſcope, 
185. 
E che Nature of, 354. 
A mutual vibratory Motion of each Particle of Air the 
Cauſe of Sound in general, 356. f 
The percuſſive Force or Stroke made — 65 the ſonorous 
Body conſidered, 357. 
Properties of the Pulſes of Air, 359- 
Iluſtrated by a * botwixg din and the Waves 
of Water, 13. 
Circumftances wherein the Waves of Water and Pulſes of 
Air differ, 360, 
Whether there is any Conformity in the Manner in which 
Light and Sound are propagated, 363. 
The aereal Pulſes ſubject to a Reſlection from a fixed 
Plain, from the ſame Cauſe as the Particles of Light, 


6 
| Ain e may be formed for magnifying or diminiſhing 
Sounds, 366. 
The wonderful Effect of the whiſpering Gallery of St. 
Paul's conſidered, 368. 
The Velocity of Sound, what it is found to be, 7b. 
The Difference of the Velocity of Sound and Light being 
aſcertained, a Method 1s found to meaſure the Height - 
of a Cloud, 369. 
Of thoſe Affections of Sounds called Notes or Tones, 370. 
What is meant by Concord and Diſcord, 378. 
The Methods of producing different Sounds on Strings, 


374+ 
A drinking-Glaſs may be broke by ringing of it, or 
raiſing its Tone higher and higher, 379. 
The three Principles which in general cauſe any _ 
tion in the Notes of ſounding Bodies, 383. 
Southſayers, the antient, full of Impoſture and Nonſenſe, 4. 
Sphere, right Poſition of, 89. 
Parallel and oblique, 90, 


Nm 


Stars, their Degrees of Magnitude, 9. 
A Table of the Number in each Claſs, 10. 
Some not reducible to any Conſtellation, 6. 
May have ſouth Latitude and north Declination, 71. 
Their 9885 acronical, and heliacal Riſing and set. 
tin PR 
How yes each Star moves forward in 72 Years, 75. 
Thoſe which are viſible in one Age become invift ble i in. 
another, 76. 
Their Longitudes and Declinations conſtantly altering, ib. 
Straits, 97. 
Swan, fabulous Hiſtory of, 28. 


TARANTULA, the Bite of, ſaid to be cured by Muſic, a 
| vulgar Error, 402. 
Taurus, ſecond Sign in the Zodiac, I2, | 

Why the antient Aſtronomers gave it this Name, 15. 
Fabulous Hiſtory of, 12 & ſeq. 

Teeth and Palate, Inſtruments of Speech, 40g. 

Teleſcope, the proper Import of the Word, 208. 
The Invention perhaps caſual, 210. 
Firſt improved into the preſent Form by Galileo, 211. 
Of the Nature and Structure of his Teleſcope, 212. 
The Rationale of this Inſtrument in general, 7b. 
The magnifying Power accounted for, 21 3. 
Illuſtrated by an Experiment, 16. 


Why the Glaſſes are put at each End of a Tube to render 


them uſeful in the Form of a Teleſcope, 216. 
Refracting Teleſcopes, their various Structure and Uſes, 


10 
" =" Opera Glaſs, its Conſtruction and particular Pro- 


perties, 220. 
The exact Proportion of its magnifying Power ſhewn by 
an Experiment, 221. 
Particulars to be obſerved in regard to the Uſe of it, 222. 
A Deſcription of the Perſpective-Glaſs and its Uſe, 223. 


The aſtronomical Teleſcope, deſigned for viewing the 


heavenly Bodies only, 224. 


Why the Images of Objects are inverted in the Object- 


Glaſs, 76. 

The Sea or Night Teleſcope, 225. 230. 

The different Forms of Day Teleſcopes, 226. 

The Poſition and Uſe of the ſeveral Glaſſes in four glaſſed 
Teleſcopes, 76. & ſeq. 

Five or ſix glaſſed Teleſcopes, 229. 


The Conſtruction and Uſe of the Patent : Teleſcope, 321. 


The ſolar Teleſcope, a Deſcription of, 234. 


- I Db EX 
The agreeable Effects thereof in ſhewing the Spots of the 
Sun, and other curious Phenomena, 235. | 
Relſtecting or catoptric Teleſcopes, the general Reaſon 
for their Invention, 236. 
Tube firſt —_ of this Invention given by Dr. Gre-, 
ry, 23 
0 . by Sir Jſaac Newton, ib 
The great Excellency of a reſlecting Teleſcope, 238. 
The particular Manner in which Viſion is produced 
— thereby, 18. 
The magnifying power by Reflection proved by Experi- 
ment, 239. 
The reflieing Teleſcope a compound Inſtrument, 241. 
It magnifies as a "Teleſcope and as a Microſcope, 242. 
'The microſcopic Power of magnifying in this Inſtrument 
illuſtrated by ſeveral Experiments, 243 & ſeq. 
The Effect of the reflecting Teleſcope produced partly by 
Reflection and partly by Refraction, 24 
The Conſtruction thereof illuſtrated by a Fig igure, ib. 
Binocular Teleſc conſiſting of one of the refraing, 
and the other of the reflecting Kind, 271. 
The Effect of this Inſtrument very pleaſing, 273. 
Trachea, or Wind- pipe, 406. 
Trumpet, the Speaking, of great Uſe at Sea, 366. 
Analogous to a magnifying-Glaſs in Optics, ib. 
Conſtructed in ſuch a Manner as to magnify the Voice, 367. 
A 5 uſed by ' People who are very 
3 
Twilight, repreſented on the cceleſtial Globe, 48. 
How long on the ſhorteſt Day, 49. : 
To find the Length for any Day, 16. 


VENUS, the Tranſit of over the Sun, and its various Phe- 
nomena, 142 & feq. 

Uſe thereof in diſcovering the Parallax of this Planet, "I 

'The Nature of a Parallax explained, 143. 

The Tranſit of Venus in 1761, 141. 154. 

The Rationale of this great Phznomenon, 147. 

Reaſons why Dr. Halley appointed the diſtant Places 

abroad for viewing this Tranſit, 149, 150. 

Illuſtrated by a Diagram, 151. 154. 

Deſcription of a new ſolar Apparatus, adapted to the 
1 Teleſcope, for ſhewing the Tranſit, 155, 
156, 160. | 

e with this Apparatus, 477: 

Farther Particulars concerning the Tranſit of Venus, 
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The Time when the Planet touched the Sun's Diſk inter- 

nally, and allo the external Contact, 257. 259. 

The Diameter of Venus, as it then appeared, 76. 

X The Proportion thereof to that of the Sun, 258. 

. This Planet, by Obſervations on the Tranſit, found to be 
: one Half of its former ſuppoſed Magnitude, 6. 

The Reaſon why a Tranſit happens ſo rarely, 289 

Uſes to be made on the Obſervations thereof. 2 OP 


d | Some People fuppoſe a Satellite attendins this Planet, 262. 
| Great Advantages in Altronomy would ariſe from a Cer- 
a tainty thereof, 363. | 
| Method of ſhewing an artificial Tranſit, 264. 


The Rationale of this curious Phænomenom illuſtrated by 
Machine, 267. 1 
Reaſons why ſeveral Mathematicians were ſent to diſtant 
Parts of the World to objerve the Tranfit, 268. 
Virgil, his Accdunt of O-pheus's Lyre being made a Conſtel- 
| lation, 30. N 
Virgo, the Virgin, Reaſons for placing amongſt the Conſtel- 
| lations, - 15. | 
Fabulous Hittery of, 16. Dn . 
Viſion, the Natute of, 333. 
Illuſtrated by Experiments, 334. | 
The Rationale of by a ſingle Glaſs, 163, 164. 
Voice, human, our Organs adapted to it, 408. 
Urania; fabulous Hiitory of, 34. 3 
. Ur/a Major and Urſa Minor, fabulous Hiftvey of, 20. 
Uwvula, 406. | 


WHALE, or Sea Monſter, fabulous Hiſtory of, 33. 
Wilfen's Microſebpe, a Deſcription of, 166. 

Yhite, ſuch Bodies appear ſo as throw up all the Rays of 
| Light promiſcuouſly, 207. - | 

Vind Inſtruments, the Rationale of, 294. | 
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ZODIAC, on the cœleſtial Globe, Uſe of, 55, 56. 
One of the Inventions of Dr. Halley, 55. 
Zones, five of them, go. 
The torrid, why ſo called, 16. | 
Two temperate, one in the northern, the other in the 
ſouthern Hemiſphere, 91. 
Two frigid, 92. 
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